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METHODS AND COMPOSITIONS FOR TREATING 
FLAVIVIRUSES AND PESTI VIRUSES 

FIELD OF THE INVENTION 

This invention is in the area of pharmaceutical chemistry, and in particular, is a 
5 compound, method and composition for the treatment of flaviviruses and pestiviruses. This 

application claims priority to U.S. provisional application no. 60/207,674, filed on May 26, 
2000 and U.S. provisional application no. 60/283,276, filed on April 11, 2001. 

BACKGROUND OF THE INVENTION 

Pestiviruses and flaviviruses belong to the Flaviviridae family of viruses along with 

10 hepatitis C virus. The pesti virus genus includes bovine viral diarrhea virus (BVDV), 

classical swine fever virus (CSFV, also called hog cholera virus) and border disease virus 
(BDV) of sheep (Moennig, V. et al. Adv. Vir. Res. 1992, 41, 53-98). Pestivirus infections of 
domesticated livestock (cattle, pigs and sheep) cause significant economic losses worldwide. 
BVDV causes mucosal disease in cattle and is of significant economic importance to the 

15 livestock industry (Meyers, G. and Thiel, H.-J., Advances in Virus Research, 1996, 47, 53- 

118; Moennig V., et al, Adv. Vir. Res. 1992, 41, 53-98). 

Human pestiviruses have not been as extensively characterized as the animal 
pestiviruses. However, serological surveys indicate considerable pestivirus exposure in 
humans. Pestivirus infections in man have been implicated in several diseases including 

20 congenital brain injury, infantile gastroenteritis and chronic diarrhea in human 

immunodeficiency virus (HIV) positive patients. M. Giangaspcro et al.. Arch. Virol. Supply 
1993, 7. 53-62; M. Giangaspcro et ah. Int. J. Std. Aids, 1993, 4 (5): 300-302. 

The flavivirus genus includes more than 68 members separated into groups on the 
basis of serological relatedness (Calisher et ah, J. Gen. Virol, 1993, 70, 37-43). Clinical 

25 symptoms vary and include fever, encephalitis and hemorrhagic fever. Fields Virology, 

a^ociatcd with human Ui>ca>c include the dengue hemorrhagic !c\ci \iruses (Dili). \ellow 
fever virus, shock syndrome and Japanese encephalitis virus. Halstead, S. B.. Rev. Inject. 



Pis.. 1984, 6, 251-264; Halstead, S. B.. Science, 239:476-481, 1988; Monath, T. P., New Eng. 
J. Med., 1988, 319. 641-643. 

Examples of antiviral agents that have been identified as active against the flavivirus 
or pestiviruses include: 

5 (1 ) interferon and ribavirin (Battaglia, A.M. et al.,Ann. Pharmacothet\ 2000,. 34, 487- 

494); Berenguer, M. et al Antivir. Ther., 1998, 3 (Suppl. 3), 125-136); 

(2) Substrate-based NS3 protease inhibitors (Attwood et al, Antiviral peptide 
derivatives, PCT WO 98/22496, 1998; Attwood et al, Antiviral Chemistry and 
Chemotherapy 1999, 10, 259-273; Attwood et al, Preparation and use of amino 
10 acid derivatives as anti-viral agents, German Patent Pub. DE 19914474; Tung et 

,./ r.,/,;A.i"*^i-c- /y ( -/).M'.i/. ,*it's,t,->str,ir n/M-/i>»///ir/v Lw/ititi? C virus NS3 protease. PCT 
WO 98/17679), including alphaketoamides and hydrazinoureas, and inhibitors that 
terminate in an electrophile such as a boronic acid or phosphonate (Llinas-Brunet 
et al, Hepatitis C inhibitor peptide analogues, PCT WO 99/07734). 

15 (3) Non-substrate-based inhibitors such as 2,4,6-trihydroxy-3-nitro-benzamide 

derivatives (Sudo K. et al, Biochemical and Biophysical Research 
Communications, 1997, 238, 643-647; Sudo K. et al Antiviral Chemistry? and 
Chemotherapy, 1998, 9, 186), including RD3-4082 and RD3-4078, the former 
substituted on the amide with a 14 carbon chain and the latter processing a para- 

20 phenoxyphenyl group; 

(4) Thiazolidine derivatives winch show relevant inhibition in a reverse-phase HPLC 
assay with an NS3/4A fusion protein and NS5A/5B substrate (Sudo K. et al. 
Antiviral Research, 1996, 32, 9-18), especially compound RD-1-6250, possessing 
a fused cinnamoyl moiety substituted with a long alky 1 chain, RD4 6205 and RD4 

25 6193; 

(5) Thiazolidines and benzanilides identified in Kakiuchi N. et al J. EBS Letters 421, 
217-220; Takeshita N. et al Analytical Biochemistry. 1997, 247. 242-246; 



35 ] < > 3 3 . isolated from the fungus Pcnn-illium gnscofuluum, which demonstrates 
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(7) 



activity in a scintillation proximity assay (Chu M. et al.. Bioorganic and Medicinal 
Chemistry Letters 9, 1949-1952); 

Selective NS3 inhibitors based on the macromolecule elgin c, isolated from leech 
(Qasim M.A. et a!.. Biochemistry, 1997, 36, 1598-1607); 

(S) Helicase inhibitors (Diana G.D. et al., Compounds, compositions and methods for 
treatment of hepatitis C, U.S. Pat. No. 5,633,358; Diana G.D. et al, Piperidine 
derivatives, pharmaceutical compositions thereof and their use in the treatment of 
hepatitis C, PCT WO 97/36554); 

(9) Polymerase inhibitors such as nucleotide analogues, gliotoxin (Ferrari R. et al. 
Journal of Virology, 1999, 73, 1649-1654), and the natural product cerulenin 



(i^onmanii v . ui., r u vtug s , ± ^ s^, » ^ , * - - - - ~ y , 



(10) Antisense phosphorothioate oligodeoxynucleotides (S-ODN) complementary to 
sequence stretches in the 5' non-coding region (NCR) of the virus (Alt M. et al, 
Hepatology, 1995, 22, 707-717), or nucleotides 326-348 comprising the 3' end of 

15 the NCR and nucleotides 371-388 located in the core coding region of the IICV 

RNA (Alt M. et al., Archives of Virology, 1997, 142, 589-599; Galderisi U. et al. 
Journal of Cellular Physiology, 1999, 181, 251-257); 

(11) Inhibitors of IRES-dependent translation (Ikeda N et al, Agent for the prevention 
and treatment of hepatitis C, Japanese Patent Pub. JP-08268890; Kai Y. et al. 

20 Prevention and treatment of viral diseases, Japanese Patent Pub. JP-1 0101591); 

(12) Nuclease-resistant ribozymes (Maccjak, D. J. et al, Hepatology 1999, 30, abstract 

995); and 

(13) Other miscellaneous compounds including 1 -amino-alkylcyclohexanes (U.S. 
Patent No. 6.034,134 to Gold et al.). alkyl lipids (U.S. Pat. No. 5,922,757 to 

25 Chojkicr et al), vitamin E and other antioxidants (U.S. Pat. No. 5,922,757 to 

Chojkier et al. ), squalene, amantadine, bile acids (U.S. Pat. No. 5,846,964 to Ozeki 
et al.), N-(phosphonoacctyl)-L-aspartic acid. (U.S. Pat. No. 5,830,905 to Diana et 
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(U.S. Pat. No. 5.S91.S74 to Uolacino ei al. ). 



In view of the severity of diseases associated with pestiviruses and flaviviruses, and 
their pervasiveness in animal and man, it is an object of the present invention to provide a 
compound, method and composition for the treatment of a host infected with flavivirus or 
pestivirus. 

SUMMARY OF THE INVENTION 

Compounds, methods and compositions for the treatment of a host infected with a 
flavivirus or pestivirus infection are described that includes an effective treatment amount of 
a (3-D- or /3-L-nucleoside of the Formulas (I) - (XVIII), or a pharmaceutical^ acceptable salt 
or prodrug thereof. 

nd of Formula L or a pharmaceutically 

acceptable salt or prodrug thereof, is provided: 



Y 




(i) 

wherein: 

R l , R 2 and R ? are independently H, phosphate (including mono-, di- or triphosphate and a 
stabilized phosphate prodrug); acyl (including lower acyl); alkyl (including lower alkyl); 
sulfonate ester including alkyl or arylalkyl sulfonyl including methanesulfonyl and benzyl, 
wherein the phenyl group is optionally substituted with one or more substituents as described 
in the definition of aryl given herein; a lipid, including a phospholipid; an amino acid; a 
carbohydrate; a peptide; a cholesterol; or other pharmaceutically acceptable leaving group 
w hich when administered /;/ vivo is capable of providing a compound wherein R\ R" or R 3 is 
independently H or phosphate: 

branched or evclic alkyl. C'O-alkyl. C()-aryl. C( )-alko\yalkyh chloro. bromo. Iluoro, iodo. 



R 4 and R* arc independently hydrogen, acyl (including lower acyl), or alkyl (including but 
not limited to methyl, ethyl, propyl and cyclopropyl). 

In a second principal embodiment, a compound of Formula II, or a pharrnaceutically 
acceptable salt or prodrug thereof, is provided: 



v 




OR 2 OR' 



(") 

wherein: 

R 1 , R 2 and R 3 are independently H; phosphate (including monophosphate, diphosphate, 
triphosphate, or a stabilized phosphate prodrug); acyl (including lower acyl); alkyl (including 

10 lower alkyl); sulfonate ester including alkyl or arylalkyl sulfonyl including methanesulfonyl 

and benzyl, wherein the phenyl group is optionally substituted with one or more substituents 
as described in the definition of aryl given herein; a lipid, including a phospholipid; an amino 
acid; a carbohydrate; a peptide; a cholesterol; or other pharrnaceutically acceptable leaving 
group which when administered in vivo is capable of providing a compound wherein R 1 , R 2 

1 5 or R 3 is independently H or phosphate; and 

Y is hydrogen, bromo, chloro, fluoro, iodo, OR 4 , NR 4 R S or SR 4 ; 

X 1 and X 2 are independently selected from the group consisting of H, straight chained, 
branched or cyclic alkyl, CO-alkyl, CO-aryi, CO-alkoxyalkyl, chloro, bromo, fluoro, iodo, 
OR 4 , NR 4 NR 5 or SR 5 ; and 

20 R 4 and R 5 are independently hydrogen, acyl (including lower acyl), or alkyl (including but 

not limited to methyl ethyl, propyl and cyclopropyl). 

In a third principal embodiment, a compound of Formula III. or a pharrnaceutically 




()R : OR' 



(HI) 

wherein: 

R 1 , R 2 and R 3 are independently H; phosphate (including monophosphate, diphosphate, 
5 triphosphate, or a stabilized phosphate prodrug); acyl (including lower acyl); alkyl (including 

lower alkyl); sulfonate ester including alkyl 01 arylalkyl sulfonyl including methanesulfonyl 
and benzyl, wherein the phenyl group is optionally substituted with one or more substituents 
as described in the definition of aryl given herein; a lipid, including a phospholipid; an amino 
acid; a carbohydrate; a peptide; a cholesterol; or other pharmaceutical^ acceptable leaving 
10 group which when administered in vivo is capable of providing a compound wherein R 1 , R 2 

or R 3 is independently H or phosphate; and 

Y is hydrogen, bromo, chloro, fluoro, iodo, OR 4 , NR 4 R 5 or SR 4 ; 

X 1 and X 2 are independently selected from the group consisting of H, straight chained, 
branched or cyclic alkyl, CO-alkyl, CO-aryl, CO-alkoxyalkyl, chloro, bromo, fluoro, iodo, 
1 5 OR 4 , NR 4 NR 5 or SR 5 ; and 

R 4 and R 5 are independently hydrogen, acyl (including lower acyl), or alkyl (including but 
not limited to methyl, ethyl propyl and cyclopropyl). 

In a fourth principal embodiment, a compound of Formula IV, or a pharmaceuticals 
acceptable salt or prodrug thereof, is provided: 



v 




< 
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wherein: 

R 1 , R 2 and R 3 are independently H, phosphate (including mono-, di- or triphosphate and a 
stahilized phosphate prodrug); acyl (including lower acyi); alkyl (including lower alkyl); 
sulfonate ester including alkyl or arylalkyl sulfonyl including methanesulfonyl and benzyl, 
w herein the phenyl group is optionally substituted with one or more substituents as described 
in the definition of aryl given herein; a lipid, including a phospholipid; an amino acid; a 
carbohydrate; a peptide; a cholesterol; or other pharmaceutically acceptable leaving group 
which when administered /// vivo is capable of providing a compound wherein R 1 , R 2 or R 3 is 
independently H or phosphate; 

Y is hydrogen, bromo, chloro, fluoro, iodo, OR 4 , NR 4 R 5 or SR 4 ; 

d branched or evelic alkvl. CO- 



X 1 is selected from the group consisting oi n, btraignt cuaincd, brancr 
alkyl, CO-aryl, CO-alkoxyalkyl, chloro, bromo, fluoro, iodo, OR 4 , NR 4 NR 5 or SR 5 ; and 

R 4 and R 5 are independently hydrogen, acyl (including lower acyl), or alkyl (including but 
not limited to methyl, ethyl, propyl and cyclopropyl). 

In a fifth principal embodiment, a compound of Formula V, or a pharmaceutically 
acceptable salt or prodrug thereof, is provided: 



R'O 




OR- 



(V) 

wherein: 

R\ R 2 and R 3 are independently H; phosphate (including monophosphate, diphosphate, 
triphosphate, or a stabilized phosphate prodrug); acyl (including lower acyl); alkyl (including 
lower alkvlV. sulfonate ester including alkyl or arylalkyl sulfonyl including methanesulfonyl 



acid: a carhohvdratc; a peptide, a cholesterol; or other pharmaccuticalK acceptable lea\ mg 




group which when administered /// vivo is capable of providing a compound wherein R 1 , R^ 
or R 3 is independently H or phosphate; and 

Y is hydrogen, bromo, chloro, fluoro, iodo. OR 4 , NR 4 R/ or SR 4 ; 

X 1 is selected from the group consisting of H, straight chained, branched or cyclic alkyl, CO- 
alkyl, CO-aryl, CO-alkoxyalkyl, chloro, bromo, fluoro, iodo, OR 4 , NR 4 NR" or SR 5 ; and 

R 4 and R 5 are independently hydrogen, acyl (including lower acyl), or alkyl (including but 
not limited to methyl, ethyl, propyl and cyclopropyl). 

In a sixth principal embodiment, a compound of Formula VI, or a pharmaceutical^ 
acceptable salt or prodrug thereof, is provided: 



v 




OR 2 OR' 



(VI) 

wherein: 

R\ R 2 and R 3 are independently H; phosphate (including monophosphate, diphosphate, 
triphosphate, or a stabilized phosphate prodrug); acyl (including lower acyl); alkyl (including 

15 lower alkyl); sulfonate ester including alkyl or arylalkyl sulfonyl including methanesulfonyl 

and benzyl, wherein the phenyl group is optionally substituted with one or more substituents 
as described in the definition of aryl given herein; a lipid, including a phospholipid; an amino 
acid; a carbohydrate; a peptide: a cholesterol; or other pharmaceutically acceptable leaving 
uroup which when administered in vivo is capable of providing a compound wherein R 1 , R" 

20 or R 3 is independently H or phosphate; and 

Y is hydrogen, bromo, chloro, fluoro, iodo, OR 4 , NR 4 R 5 or SR 4 ; 

- ' . i r, ti,.. ,,- fV .^ ^uKi^tini- of H Mnm T ht chained, branched or evelic alkyl. CO- 



not limited to methyl, ethyl, propyl and cyclopropyl). 



In a seventh principal embodiment, a compound selected from Formulas VII, VIII and 
IX, or a pharmaceutical!}' acceptable salt or prodrug thereof, is provided: 



Base Ba.sc 




(VII) (VIII) (IX) 

5 wherein: 

Base is a purine or pyrimidine base as defined herein; 

R 1 , R 2 and R 3 are independently H; phosphate (including monophosphate, diphosphate, 
triphosphate, or a stabilized phosphate prodrug); acy! (including lower acyl); alkyl (including 
lower alkyl); sulfonate ester including alkyl or arylalkyl sulfonyl including methanesulfonyl 
10 and benzyl, wherein the phenyl group is optionally substituted with one or more substituents 

as described in the definition of aryl given herein; a lipid, including a phospholipid; an amino 
acid; a carbohydrate; a peptide; a cholesterol; or other pharmaceutical^ acceptable leaving 
group which when administered in vivo is capable of providing a compound wherein R\ R 2 
or R 3 is independently H or phosphate; 

15 R 6 is hydrogen, hydroxy, alkyl (including lower alkyl), azido, cyano, alkenyl, alkynyl, Br- 

vinyl, 2-Br-ethyl, -C(0)0(alkyl), -C(0)0(lower alkyl), -O(acyl), -O(lower acyl), -O(alkyl), 
-0(lower alkyl), -O(alkenyl), CF 3 , chloro, bromo, fiuoro, iodo, N0 2 , NH 2 , -NH(lower alkyl), 
-NH(acyl), -N(lower alkyl) 2 , -N(acyl) 2 ; and 

XisO, S, SO: orCH 2 . 

20 In a eighth principal embodiment, a compound of Formulas X, XI and XII, or a 

pharmaceutically acceptable salt or prodrug thereof, is provided: 




wherein 



R 1 , R : and R 3 arc independently II; phosphate (including monophosphate, diphosphate, 
triphosphate, or a stabilized phosphate prodrug); acyl (including lower acyl); alkyl (including 
lower alkvl); sulfonate ester including alkyl or arylalkyl sulfonyl including methanesulfonyl 
and benzyl, wherein the phenyl group is optionally substituted with one or more substituents 
5 as described in the definition of aryl given herein; a lipid, including a phospholipid; an amino 

acid; a carbohydrate; a peptide; a cholesterol; or other pharmaceutical^ acceptable leaving 
group which when administered in vivo is capable of providing a compound wherein R , R' 
or R 3 is independently H or phosphate; 

R 6 is hydrogen, hydroxy, alkyl (including lower alkyl), azido, cyano, alkenyl, alkynyl, Br- 
10 vinyl, -C(0)0(alkyl), -C(0)0(lower alkyl), -O(acyl), -0(lower acyl), -O(alkyl), -0(lower 

alkyl), -O(alkenyl), chloro, bromo, fluoro, iodo, N0 2 , NH 2 , -NH(lower alkyl), -NH(acyl), - 
N(lower alkyl) 2 , -N(acyl) 2 ; 

R 7 is hydrogen, OR 3 , hydroxy, alkyl (including lower alkyl), azido, cyano, alkenyl, alkynyl, 
Br-vinyl, -C(0)0(alkyl), -C(0)0(lower alkyl), -O(acyl), -0(lower acyl), -O(alkyl), -O(lower 
15 alkyl), -O(alkenyl), chlorine, bromine, iodine, N0 2 , NH 2 , -NH(lower alkyl), -NH(acyl), - 

N(lower alkyl) 2 , -N(acyl) 2 ; and 
X is O, S, S0 2 or CH 2 . 

In a ninth principal embodiment a compound selected from Formulas XIII, XIV and 
XV, or a pharmaceutical^ acceptable salt or prodrug thereof, is provided: 



r'o. 



Base 



R'O. 



Base 



R'(X 



Base 



OR" OK" OR' 

(XIII) (XIV) 

wherein: 

Base is a purine or pyrimidine base as defined herein; 



(XV) 



din< T monophosphate, diphosphate. 



and benzyl, wherein the phenyl group is optionally substituted with one or more substituents 

; ... , , 1 ■ 4 \:'--. 1 u -..•v- ;l iini ( t i ncl 1 1 (1 i n ^ a phospholipid; an amino 



10 



acid; a carbohydrate; a peptide; a cholesterol; or other pharmaceutically acceptable leaving 

eroup which when administered /;/ vivo is capable of providing a compound wherein R , R~ 
or R 3 is independently H or phosphate; 

R (1 is hydrogen, hydroxy, alkyl (including lower alkyl), azido, cyano, alkenyl, alkynyl, Br- 
vinyl -C(0)0(alkyl), -C(0)0(lower alkyl), -O(acyl), -0(lower acyl), -O(alkyl), -0(lo\ver 
alkyl), -O(alkenyl), chloro, bromo, fluoro, iodo, NO : , NH 2 , -NH(lo\ver alkyl), -NH(acyl), - 
N(lo\ver alkyl):, -N(acyl) 2 ; and 
XisO, S, SO : , orCH 2 . 

In a tenth principal embodiment the invention provides a compound of Formula XVI, 
or a pharmaceutically acceptable salt or prodrug thereof: 



Base 



.? 



(XVI) 

wherein: 

Base is a purine or pyrimidine base as defined herein; 

15 R 1 and R 2 are independently H; phosphate (including monophosphate, diphosphate, 

triphosphate, or a stabilized phosphate prodrug); acyl (including lower acyl); alkyl (including 
lower alkyl); sulfonate ester including alkyl or arylalkyl sulfonyl including methanesulfonyl 
and benzyl, wherein the phenyl group is optionally substituted with one or more substituents 
as described in the definition of aryl given herein; a lipid, including a phospholipid; an amino 

20 acid; a carbohydrate; a peptide; a cholesterol; or other pharmaceutically acceptable leaving 

^oup which when administered /// vivo is capable of providing a compound wherein R 1 or R 2 
is independently H or phosphate; 

R f1 is hydrogen, hydroxy, alkyl (including lower alkyl), azido, cyano, alkenyl, alkynyl, Br- 



N( low er aik\ i ) 2 . \< ac\ i ).; 



10 
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R" and R w are independently hydrogen, OR : . hydroxy, alky 1 (including lower alkyl), azido, 
cyano, alkenyl, alkynyl, Br-vinyl, -C(0)0(alkyl), -C(0)0(lo\vcr alkyl), -O(acyl), -0(lo\ver 
acyl), -O(alkyl), -0(lo\ver alkyl), -O(alkenyl), chlorine, bromine, iodine, N0 2 , NH : , 
-NIKlowcr alkyl), -NH(acyl), -N( lower alkyl) : , -N(acyl) : ; 

R s and R 10 are independently H, alkyl (including lower alkyl), chlorine, bromine or iodine; 

alternatively, R 7 and R 9 , R 7 and R 10 , R s and R J , or R 8 and R lu can come together to form a pi 
bond; and 

XisO, S, S0 2 orCH 2 . 

In a eleventh principal embodiment the invention provides a compound of Formula 
XVII, or a pharmaceutically acceptable salt or prodrug thereof: 



R l O. 



Base 



7 



(XVII) 

wherein: 

Base is a purine or pyrimidine base as defined herein; 

R 1 and R 2 are independently H; phosphate (including monophosphate, diphosphate, 
triphosphate, or a stabilized phosphate prodrug); acyl (including lower acyl); alkyl (including 
lower alkyl); sulfonate ester including alkyl or arylalkyl sulfonyl including methanesulfonyl 
and benzyl, wherein the phenyl group is optionally substituted with one or more substituents 
as described in the definition of aryl given herein; a lipid, including a phospholipid; an amino 

acid; a carbohydrate; a peptide; a cholesterol; or other pharmaceutically acceptable leaving 

i "* 

group which when administered in vivo is capable of providing a compound wherein R or R^ 
is independently H or phosphate; 

R 6 is hvdroucn. hvdroxv, alkyl (including lower alkyl), azido, cyano, alkenyl, alkynyl, Br- 



\( lower alkyl):. -N(acyl); 



10 



15 



20 



R and R 1 ' arc independently hydrogen. OR : . hydroxy, alky 1 (including lower alkyl), azido, 
cvano, alkenyl. alkynyL Br-vinyl. -C(0)0( alkyl), -C(0)0(lo\vcr alkyl), -O(acyl), -0( lower 
acyl), -O(alkyl), -0( lower alkyl), -O(alkenyl), chlorine, bromine, iodine, NO:, NH 2 , - 
NH(lower alkyl), -NH(acyl), -N(lower alkyl):, -N(acyl) 2 ; 

R ,f) is H, alkyl (including lower alkyl), chlorine, bromine or iodine; 
alternatively, R 7 and R g , or R and R 10 can come together to form a pi bond; and 
X is O, S, SO: or CH : . 

In an twelfth principal embodiment, the invention provides a compound of Formula 
XVIII, or a pharmaceutically acceptable salt or prodrug thereof: 



R -X. R 



7 



R R 

(XVIII) 

wherein: 

Base is a purine or pyrimidine base as defined herein; 

R 1 and R 2 independently H; phosphate (including monophosphate, diphosphate, triphosphate, 
or a stabilized phosphate prodrug); acyl (including lower acyl); alkyl (including lower alkyl); 
sulfonate ester including alkyl or arylalkyl sulfonyl including methanesulfonyl and benzyl, 
wherein the phenyl group is optionally substituted with one or more substituents as described 
in the definition of aryl given herein; a lipid, including a phospholipid; an amino acid; a 
carbohydrate: a peptide; a cholesterol; or other pharmaceutically acceptable leaving group 
which when administered /// vivo is capable of providing a compound wherein R or R^ is 
independently H or phosphate; 

R f> is hvdrogen, hydroxy, alkyl (including lower alkyl), azido, cyano, alkenyl, alkynyl, Br- 
vinvl. -CfO)O(alkvl). -C(0)0(lowcr alkyl). -O(acyi), -0( lower acyl), -O(alkyl), -0( lower 



R and R* are independently hydrogen, OR : , alky 1 (including lower alkyl), alkenyl, alkynyl, 
Br-vinyl, O-alkenyl, chlorine, bromine, iodine. NO:, amino, loweralkylamino or di(lo\ver- 
alkyl)amino; 

R s is H, alkyl (including lower alkyl), chlorine, bromine or iodine; 
5 alternatively, R and R t; , or R s and R tJ can come together to form a pi bond; 

XisO, S, SO: orCH 2 . 

The /3-D- and /3-L-nucleosides of this invention may inhibit flavivirus or pestivirus 
polymerase activity. These nucleosides can be assessed for their ability to inhibit flavivirus 
1 0 or pestivirus polymerase activity in vitro according to standard screening methods. 

In one embodiment the efficacy of the anti-flavivirus or pestivirus compound is 
measured according to the concentration of compound necessary to reduce the plaque number 
of the virus in vitro, according to methods set forth more particularly herein, by 50% (i.e. the 
compound's EC 50 ). In preferred embodiments the compound exhibits an EC 5 o of less than 15 
15 or preferably, less than 10 micromolar in vitro. 

In another embodiment, the active compound can be administered in combination or 
alternation with another anti-flavivirus or pestivirus agent. In combination therapy, effective 
dosages of two or more agents are administered together, whereas during alternation therapy 
an effective dosage of each agent is administered serially. The dosages will depend on 

20 absorption, inactivation and excretion rates of the drug as well as other factors known to 

those of skill in the art. It is to be noted that dosage values will also vary with the severity of 
the condition to be alleviated. It is to be further understood that for any particular subject, 
specific dosage regimens and schedules should be adjusted over time according to the 
individual need and the professional judgment of the person administering or supervising the 

25 administration of the compositions. 

HCV is a member of the Flaviviruiac family; however, now, HCV has been placed in 
a new monotypic genus, hepacivirus. Therefore, in one embodiment, the flavivirus or 



3d compounds disclosed herein include: 



(1 ) an interferon and or ribavirin (Battaglia, A.M. et al, Ann. Pharmacother. 34:487- 
404, 2000); Berenguer, M. et al Antivir. Ther. 3(Suppl. 3): 1 25-1 36, 1998); 

(2) Substrate-based NS3 protease inhibitors (Attwood et al, Antiviral peptide 
derivatives, PCT WO 98 22496, 1998; Attwood et al. Antiviral Chemist/y and 

5 Chemotherapy 10.259-273, 1999; Attwood et al. Preparation and use of amino acid 

derivatives as anti-viral agents, German Patent Publication DE 19914474; Tung et al 
Inhibitors of serine proteases, particularly hepatitis C virus NS3 protease, PCT WO 
98/17679), including alphaketoamides and hydrazinoureas, and inhibitors that terminate in an 
electrophile such as a boronic acid or phosphonate. Llinas-Brunet et al, Hepatitis C inhibitor 
1 0 peptide analogues, PCT WO 99/07734. 

(3) Non-snbstrate-based inhibitors such as 2,4,6-trihydroxy-3-nitro-benzamide 
derivatives(Sudo K. et al, Biochemical and Biophysical Research Communications, 238:643- 
647, 1997; Sudo K. et ai Antiviral Chenustiy and Chemotherapy 9:186, 1998), including 
RD3-4082 and RD3-4078, the former substituted on the amide with a 14 carbon chain and the 

1 5 latter processing a para-phenoxyphenyl group; 

(4) Thiazolidine derivatives which show relevant inhibition in a reverse-phase HPLC 
assay with an NS3/4A fusion protein and NS5A/5B substrate (Sudo K. et al, Antiviral 
Research 32:9-18, 1996), especially compound RD-1-6250, possessing a fused cinnamoyl 
moiety substituted with a long alkyl chain, RD4 6205 and RD4 6193; 

20 (5) Thiazolidines and benzanilides identified in Kakiuchi N. et ai J. EBS Letters 

421:217-220; Takeshita N. et al Analytical Biochemistry 247:242-246, 1997; 

(6) A phenan-threnequinone possessing activity against protease in a SDS-PAGE and 
autoradiography assay isolated from the fermentation culture broth of Streptomyces sp., Sch 
6863 1 (Chu M. et al. Tetrahedron Letters 37:7229-7232, 1996), and Sch 351633, isolated 

25 from the fungus Penicillium gnscofuluwn, which demonstrates activity in a scintillation 

proximity assay (Chu M. et al, Bioorganic and Medicinal Chemistry Letters 9:1949-1952); 

(7) Selective NS3 inhibitors based on the macromolecule elgin c, isolated from leech 

, ;/ 1 t . ./ /upa;i[;.s t , i v Palcni V v -.(._>.-. •-.->. i ) . ^ ki v , i r ( . . - . .-■ ■ / - t ' . l( . / . t 

pharmaceutical comp>ositions thereof' anil their use in the treatment of he/nttitis ( PCI WO 

1 - 



(9) Polymerase inhibitors such as nucleotide analogues, gliotoxin (Ferrari R. et al 
Journal of Virology 73:1649-1654, 1999), and the natural product cerulenin (Lohmann V. et 
al.. Virology 249:108-118, 1998); 

(10) Antiscnse phosphorothioate oligodeoxynucleotidcs (S-ODN) complementary to 
5 sequence stretches in the 5* non-coding region (NCR) of the yirus (Alt M. et al, Hepatology 

22:707-717, 1995), or nucleotides 326-348 comprising the V end of the NCR and nucleotides 
371-388 located in the core coding region of the IICV RNA (Alt M. et al, Archives of 
Virology 142:589-599, 1997; Galderisi U. et al. Journal of Cellular Physiology* 181:251-257, 
1999); 

10 (11) Inhibitors of IRES-depcndent translation (Ikeda N et al, Agent for the prevention 

and treatment of hepatitis C, Japanese Patent Publication JP-0826889O; Kai Y. et al 
Prevention and treatment of viral diseases, Japanese Patent Publication JP-10101591); 

(12) Nuclease-resistant ribozymes. (Maccjak D.J. et al, Hepatology 30 abstract 995, 
1999); and 

15 (13) Other miscellaneous compounds including 1-amino-alkylcyclohexanes (U.S. 

Patent No. 6,034,134 to Gold et al), alkyl lipids (U.S. Patent No. 5,922,757 to Chojkier et 
al), vitamin E and other antioxidants (U.S. Patent No. 5,922,757 to Chojkier et al), 
squalene, amantadine, bile acids (U.S. Patent No. 5,846,964 to Ozeki et al), N- 
(phosphonoacetyl)-L-aspartic acid, (U.S. Patent No. 5,830,905 to Diana et al), 

20 benzenedicarboxamides (U.S. Patent No. 5,633,388 to Diana et al), polyadenylic acid 

derivatives (U.S. Patent No. 5,496,546 to Wang et al), 2',3*-dideoxyinosine (U.S. Patent No. 
5,020,687 to Yarchoan et al\ and benzimidazoles (U.S. Patent No. 5,891,874 to Colacino et 
a I). 

BRIEF DESCRIPTION OF THE FIGURES 

2S Figure 1 provides the structure of various non-limiting examples of nucleosides of the 

present invention, as well as other known nucleosides, FIAU and Ribavirin, which are used 

CH.-nboG administered to Cynomokuis Monkeys over time after administration. 

i o 



Figure 3a and 3b arc line graphs of the pharmacokinetics (plasma concentrations) of 
P-DO'-CFh-riboG administered to Cynomolgus Monkeys cither intravenously (3a) or orally 
(3b) over time after administration. 

Figure 4 depicts line graphs of the results of the cell protection assay of p-D^-CFU- 
5 riboG against BVDV. 

Figure 5 depicts line graphs of the results of the cell protection assay of ribavirin 
against BVDV. 

Figure 6 are line graphs of the cell protection assay of p-D^'-CFh-riboG, p-D-2'- 
CH 3 -riboC, p-D^'-CH^-riboU, p-D-2'-CH 3 -riboA and ribavirin. 
10 Figure 7 are line graphs of the results of the plaque reduction assay for p-D-2'-CH 3 - 

riboU, p-D^'-CHs-riboC and P-D-2^CH 3 -riboG. 

Figure 8 is an illustration of plaque reduction based on increasing concentrations of 
p-D-2'-CH 3 -riboU. 

Figure 9 is a line graph of the results of the yield reduction assay for p-D-2'-CH 3 - 
1 5 riboG, depicting a 4 log reduction at 9 |iM. 

Figure 10 is an illustration of the yield reduction based on increasing concentrations 
of p-D-2'-CH 3 -riboC. 

DETAILED DESCRIPTION OF THE INVENTION 

The invention as disclosed herein is a compound, method and composition for the 
20 treatment of pestiviruscs and flaviviruses in humans and other host animals, that includes the 

administration of an effective tlavivirus or pestivirus treatment amount of an (3-D- or /3-L- 
nucleoside as described herein or a pharmaceutical!}' acceptable salt or prodrug thereof, 
optionally in a pharmaceutically acceptable carrier. The compounds of this invention either 
possess antiviral (i.e., anti-flavi virus or pestivirus) activity, or are metabolized to a compound 

(a) o'-D- and >> i .-nuc icosidcs. as described iicivm. and pharmaceutical i> a^eeptaOiL 
salts and prodrugs thereof; 



(b) (3-D- and ,3-L-nucleosides as described herein, and pharmaceutically acceptable 
salts and prodrugs thereof for use in the treatment or prophylaxis of a flavivirus or 
pestivirus infection, especially in individuals diagnosed as having a flavivirus or 
pestivirus infection or being at risk for becoming infected by flavivirus or 

5 pestivirus; 

(c) use of these (3-D- and /3-L-nucleosides, and pharmaceutically acceptable salts and 
prodrugs thereof in the manufacture of a medicament for treatment of a flavivirus 
or pestivirus infection; 

(d) pharmaceutical formulations comprising the /3-D- and /3-L-nucleosides or 
10 pharmaceutically acceptable salts or prodrugs thereof together with a 

pharmaceutical!^/ acceptable carrier or diluent; 

(e) /3-D- and /3-L-nucleosides as described herein substantially in the absence of 
enantiomers of the described nucleoside, or substantially isolated from other 
chemical entities; 

15 (f) processes for the preparation of /3-D- and /3-L-nucleosides, as described in more 

detail below; and 

(g) processes for the preparation of /3-D- and /3-L-nucleosides substantially in the 
absence of enantiomers of the described nucleoside, or substantially isolated from 
other chemical entities. 

20 Flaviviruses included within the scope of this invention are discussed generally in 

Fields Virology, Editors: Fields, B. N., Knipe, D. M., and Howley, P. M., Lippincott-Raven 
Publishers. Philadelphia, PA. Chapter 31. 1996. Specific flaviviruses include, without 
limitation: Absettarov, Alfuy, Apoi, Aroa, Bagaza, Banzi, Bouboui, Bussuquara, Cacipacore, 
Carev Island, Dakar bat. Dengue 1. Dengue 2, Dengue 3, Dengue 4, Edge Hill Entebbe bat. 

25 Gadgets Gully, Hanzalova, Hypr, llhcus, Israel turkey meningoencephalitis, Japanese 
encephalitis, Jugra, Jutiapa, Kadam, Karshi, Kedougou, Kokobera, Koutango, Kumlinge, 
Kunjin, Kyasanur Forest disease, Langat. Louping ill. Meaban, Modoc, Montana myotis 
. 1 1-.: ^^ n - - -mI^ >i;i-\ x-,r-uii:ii W^i^hi Xtavn. Omsk hemorrhagic 



Sokuluk. Spondueni. Stratford, 'fembusu. Tyulemy. I'ganda S. I'sutiu W'esselsbron. West 
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Pestiviruscs included within the scope of this invention are discussed generally in 
Fields Virology, Editors: Fields, B. \\. Knipe, D. M., and How ley, P. M., Lippincott-Raven 
Publishers, Philadelphia, PA, Chapter 33, 1996. Specific pestiviruscs include, without 
limitation: bovine viral diarrhea virus reVOY^), classical swine fever virus C*CSFV" also 
5 called hog cholera virus), and border disease virus ("BDV"). 

I. Active Compound, and Physiologically Acceptable Salts and Prodrugs Thereof 

In a first principal embodiment, a compound of Formula I, or a pharmaceutical^ 
acceptable salt or prodrug thereof, is provided: 




wherein: 



R 1 , R 2 and R 3 are independently H, phosphate (including mono-, di- or triphosphate and a 
stabilized phosphate prodrug); acyl (including lower acyl); alkyl (including lower alkyl); 
sulfonate ester including alkyl or arylalkyl sulfonyl including methanesulfonyl and benzyl, 
15 wherein the phenyl group is optionally substituted with one or more substituents as described 

in the definition of aryl given herein; a lipid, including a phospholipid; an amino acid; a 
carbohydrate; a peptide; a cholesterol; or other pharmaceuticals acceptable leaving group 
which w hen administered /// vivo is capable of providing a compound wherein R , R^ or R is 
independently H or phosphate; 

20 Y is hvdrogen. bromo, chloro, fluoro, iodo, OR 4 , NR 4 R 5 or SR 4 ; 

V ! ;md \ : arc independently selected from the group consisting of H. straight chained, 

R 4 and R' are independently hydrogen. ac\l (including lower acyl). or alkyl (including but 



In a preferred subembodiment. a compound of Formula I. or a pharmaceuticals 
acceptable salt or prodrug thereof, is provided w herein: 
R 1 , R : and R 3 are independently H or phosphate (preferably H); 
X 1 is H; 
5 X 2 is H or NH 2 ; and 

Y is hydrogen, bromo, chloro, fluoro, iodo, NH: or OH. 

In a second principal embodiment, a compound of Formula II, or a pharmaceutical^ 
acceptable salt or prodrug thereof, is provided: 



Y 




wherein: 



R 1 , R 2 and R 3 are independently H; phosphate (including monophosphate, diphosphate, 
triphosphate, or a stabilized phosphate prodrug); acyl (including lower acyl); alkyl (including 
lower alkyl); sulfonate ester including alkyl or arylalkyl sulfonyl including methanesulfonyl 

15 and benzyl, wherein the phenyl group is optionally substituted with one or more substituents 

as described in the definition of aryl given herein; a lipid, including a phospholipid; an amino 
acid; a carbohvdratc; a peptide; a cholesterol; or other pharmaceuticals acceptable leaving 
group which w hen administered /// vivo is capable of providing a compound wherein R 1 , R^ 
or R 3 is independently H or phosphate; and 

20 Y is hydrogen, bromo, chloro, fluoro, iodo, OR 4 , NR 4 R 5 or SR 4 ; 

X 1 and X 2 are independently selected from the group consisting of II, straight chained. 



R' and R arc independent i> n\diogcu. ac\. ; uieiudin^ i-. --wci ,u \ 
not limited to methyl, ethyl, propyl and cyclopropyl ). 



• 



In a preferred subembodimcnt, a compound of Formula II, or a phannaceutically 
acceptable salt or prodrug thereof, is provided w herein: 

R\ R 2 and R 3 are independently H or phosphate (preferably H); 
X 1 is H; 
5 X 2 is H or NFh; and 

Y is hvdrogen, bromo, chloro, fluoro, iodo, NFh or OH. 

In a third principal embodiment, a compound of Formula III, or a phannaceutically 
acceptable salt or prodrug thereof, is provided: 



Y 




OR 2 OR" 



10 ("0 

wherein: 

R 1 , R 2 and R 3 are independently H; phosphate (including monophosphate, diphosphate, 
triphosphate, or a stabilized phosphate prodrug); acyl (including lower acyl); alkyl (including 
lower alkyl); sulfonate ester including alkyl or arylalkyl sulfonyl including methanesulfonyl 
15 and benzyl, wherein the phenyl group is optionally substituted with one or more substituents 

as described in the definition of aryl given herein; a lipid, including a phospholipid; an amino 
acid; a carbohydrate; a peptide; a cholesterol; or other phannaceutically acceptable leaving 
uroup which w hen administered /'// vivo is capable of providing a compound wherein R , R~ 
or R 3 is independently FI or phosphate; and 

20 Y is hydrogen, bromo, chloro, fluoro, iodo, OR 4 , NR 4 R 5 or SR 4 ; 

X 1 and X 2 are independently selected from the group consisting of H, straight chained, 

i - ■ 1 ■ -M-- 1 ^(^ m <i r'O m--. -i rn -,11-nv v -ill-vi <'Hlnrn hromo fluoro, iodo. 

i< ' aiKl K ;i:depeiKleiil i> :.y.:: i »;;ei i. > ; \ luvliiiu .< >a v ; . ^n.. uaiiii. :>u t 

25 not limited to methyl, ethyl, propyl and cyelopropyl). 



In a preferred subembodiment, a compound of Formula III, or a pharmaceutically 
acceptable salt or prodrug thereof, is provided w herein: 

R 1 , R : and R 3 are independently H or phosphate (preferably H); 

X 1 is H; 

5 X : is H or NFF; and 

V is hydrogen, bromo, ehloro, fluoro, iodo, NFF or OH. 

In a fourth principal embodiment, a compound of Formula IV, or a pharmaceutically 
acceptable salt or prodrug thereof, is provided: 



v 




OR 2 OR" 



10 (IV) 
wherein: 

R 1 , R 2 and R 3 are independently H, phosphate (including mono-, di- or triphosphate and a 
stabilized phosphate prodrug); acyl (including lower acyl); alkyl (including lower alkyl); 
sulfonate ester including alkyl or arylalkyl sulfonyl including methanesulfonyl and benzyl, 
15 wherein the phenyl group is optionally substituted with one or more substituents as described 

in the definition of aryl given herein; a lipid, including a phospholipid; an amino acid; a 
carbohydrate; a peptide; a cholesterol; or other pharmaceutically acceptable leaving group 
w hich when administered in vivo is capable of providing a compound wherein R , R^ or R" is 
independently H or phosphate; 

20 Y is hvdrogen, bromo, chloro, fluoro, iodo, OR 4 , NR 4 R 5 or SR 4 ; 

X 1 is selected from the group consisting of H, straight chained, branched or cyclic alkyl, CO- 

not i milled to meih\ L eth\ i. prop\i aiiu c \eioprop\ i). 



In a preferred subembodiment, a compound of Formula IV, or a pharmaceutically 
acceptable salt or prodrug thereof, is provided wherein: 
R 1 , R : and R } are independently H or phosphate (preferably H); 
X 1 is H or CH 3 ; and 

Y is hydrogen, bromo, chloro, fluoro, iodo, NH 2 or OH. 

In a fifth principal embodiment, a compound of Formula V, or a pharmaceutically 
acceptable salt or prodrug thereof, is provided: 



Y 




OR 2 OR' 



(V) 

10 wherein: 

R\ R 2 and R 3 are independently H; phosphate (including monophosphate, diphosphate, 
triphosphate, or a stabilized phosphate prodrug); acyl (including lower acyl); alkyl (including 
lower alkyl); sulfonate ester including alkyl or arylalkyl sulfonyl including methanesulfonyl 
and benzyl, wherein the phenyl group is optionally substituted with one or more substituents 
15 as described in the definition of aryl given herein; a lipid, including a phospholipid; an amino 

acid; a carbohydrate; a peptide; a cholesterol; or other pharmaceutically acceptable leaving 
uroup which when administered /// vivo is capable of providing a compound wherein R 1 , R~ 
or R' is independently H or phosphate; and 

Y is hydrogen, bromo, chloro, fluoro, iodo, OR 4 , NR"R or SR 4 ; 
20 X 1 is selected from the group consisting of H. straight chained, branched or cyclic alkyl, CO- 

alkyl. CO-aryl, CO-alkoxyalkyl, chloro, bromo, fiuoro, iodo, OR 4 , NR 4 NR^ or SR'; and 



in a preierred Mibcmbodimcnl. a compound oi formuui \ . ^ pnai maceui icai 
:ptable salt or prodrug thereof, is pro\ ided w herein: 




R 1 . R 2 and R 3 arc independently H or phosphate (preferably H); 
X 1 is H or CH 3 ; and 

Y is hvdrogen, bromo, chloro, fluoro, iodo, NH2 or OH. 

In a sixth principal embodiment, a compound of Formula VI, or a phannaccutically 
5 acceptable salt or prodrug thereof, is proyided: 



v 




OR 2 OR" 



(VI) 

wherein: 

R 1 , R 2 and R 3 are independently H; phosphate (including monophosphate, diphosphate, 
10 triphosphate, or a stabilized phosphate prodrug); acyl (including lower acyl); alkyl (including 

lower alkyl); sulfonate ester including alkyl or arylalkyl sulfonyl including methanesulfonyl 
and benzyl, wherein the phenyl group is optionally substituted with one or more substituents 
as described in the definition of aryl given herein; a lipid, including a phospholipid; an amino 
acid; a carbohydrate; a peptide; a cholesterol; or other pharmaceutically acceptable leaving 
15 group which when administered /'// vivo is capable of providing a compound wherein R 1 , R 2 

or R~ is independently H or phosphate; and 

Y is hydrogen, bromo, chloro, fluoro, iodo, OR 4 , NR 4 R > or SR 4 ; 

X 1 is selected from the group consisting of H, straight chained, branched or cyclic alkyl, CO- 
alkyl, CO-aryl, CO-alkoxyalkyk chloro, bromo, fluoro, iodo, OR 4 . NR 4 NR" or SR 5 ; and 

20 R 4 and R 5 are independently hydrogen, acyl (including lower acyl), or alkyl (including but 

not limited to methyl, ethyl, propyl and cyclopropyl). 



R . R and R arc independent i\ i 1 or piiosphale ( pi el crarn> tin 
X ; is II or TIR; and 



Y is hydrogen, bromo, chloro, fluoro, iodo, NFF or OH. 

In a seventh principal embodiment, a compound selected from Formulas VII, VIII and 
IX, or a pharmaceutical!}' acceptable salt or prodrug thereof, is provided: 

Base Base Base 



R (.) 





R'O 




OR 



OR" 



(IX) 



5 (VII) (VIII) 

wherein: 

Base is a purine or pyrimidine base as defined herein; 

R 1 , R 2 and R 3 are independently H; phosphate (including monophosphate, diphosphate, 
triphosphate, or a stabilized phosphate prodrug); acyl (including lower acyl); alkyl (including 

10 lower alkyl); sulfonate ester including alkyl or arylalkyl sulfonyl including methanesulfonyl 

and benzyl, wherein the phenyl group is optionally substituted with one or more substituents 
as described in the definition of aryl given herein; a lipid, including a phospholipid; an amino 
acid; a carbohydrate; a peptide; a cholesterol; or other pharmaceutical^ acceptable leaving 
group which when administered in vivo is capable of providing a compound wherein R 1 , R 2 

15 or R 3 is independently H or phosphate; 

R 6 is hydrogen, hydroxy, alkyl (including lower alkyl), azido, cyano, alkenyl, alkynyl, Br- 
vinyl, 2-Br-cthyl, -C(0)0(alkyl), -C(0)0(lower alkyl), -O(acyl), -0(lower acyl), -O(alkyl), - 
0(lower alkyl), -O(alkenyl), CF 3 , chloro, bromo, fluoro, iodo, N0 2 , NH 2 , -NH(lower alkyl), - 
NH(acyl), -N(lower alkyl):, -N(acyl) : ; and 

20 X is O, S, SO : , or CH : . 

In a first preferred subembodiment, a compound of Formula VII, VIII or IX, or a 
pharmaceutically acceptable salt or prodrug thereof, is provided wherein: 

Base is a purine or pyrimidine base as defined herein; 



X is (). S, SC) : or Oil 



10 



15 



20 



In a second preferred subembodiment, a compound of Formula VII, VIII or IX, or a 
phannaceutically acceptable salt or prodrug thereof, is provided wherein: 

Base is a purine or pyrimidine base as defined herein: 

R 1 , R 2 and R 3 arc hydrogens; 

R°is alkyl; and 

X is O, S, S0 2 orCfK 

In a third preferred subembodiment, a compound of Formula VII, VIII or IX, or a 
phannaceutically acceptable salt or prodrug thereof, is provided wherein: 

Base is a purine or pyrimidine base as defined herein; 
R 1 , R : and R 3 are independently hydrogen or phosphate; 
R 6 is alkyl; and 
XisO. 

In a eighth principal embodiment, a compound of Formula X, XI or XII, or a 
phannaceutically acceptable salt or prodrug thereof, is provided: 



r'o n 



Base 



R'0 V 



Base 



R'O v 



Base 



7 



OR' 



OR' OR 

(X) (XI) (XII) 

wherein: 

Base is a purine or pyrimidine base as defined herein; 

R\ R : and R ; are independently H; phosphate (including monophosphate, diphosphate, 
triphosphate, or a stabilized phosphate prodrug); acyl (including lower acyl); alkyl (including 
lower alkvl): sulfonate ester including alkyl or arylalkyl sulfonyl including methanesulfonyl 
and hen/vl. wherein the phenyl group is optionally substituted with one or more substitucnts 



eroup which when administered /// vi\<> \> capable of piovidmg a compound wherein R . R 
or R ■* independent! v H or phosphate: 



• 



is hydrogen, hydroxy, alkyl (including lower alkyl), azido, cyano, alkenyl, alkyiiyl, Br- 
vinyl, -C(0)0(alkyl), -C(0)0(lo\ver alkyl), -O(acyl), -0(lo\ver acyl), -O(alkyl), -0(lo\ver 
alkyl), -O(alkenyi), chloro, brotno, fluoro, iodo, \0 2 , NH : , -NH(lo\ver alkyl), -NH(acyl), - 
N( lower alkyl):, -N(acyl) 2 ; 
5 R 7 is hvdrogen, OR\ hydroxy, alkyl (including lower alkyl), azido, cyano, alkenyl, alkynyl, 

Br-vinyl, -C(0)0(alkyl), -C(0)0(lowcr alkyl), -O(acyl), -0(lower acyl), -O(alkyl), -0(lower 
alkyl), -O(alkenyl), chlorine, bromine, iodine, N0 2 , NH 2 , -NH(lowcr alkyl), -NH(acyl), - 
N(loweralkyl):, -N(acyl) 2 ; and 
X is O, S, S0 2 or CH 2 . 

10 In a first preferred subembodiment, a compound of Formula X, XI or XII, or a 

pharmaceutical^ acceptable salt or prodrug thereof, is provided wherein: 

Base is a purine or pyrimidine base as defined herein; 
R ! , R 2 and R ? are independently hydrogen or phosphate; 
R 6 is alkyl; and 
15 XisO, S, S0 2 orCH 2 . 

In a second preferred subembodiment, a compound of Formula X, XI or XII, or a 
pharmaceutical^ acceptable salt or prodrug thereof, is provided wherein: 

Base is a purine or pyrimidine base as defined herein; 
R 1 , R 2 and R 3 are hydrogens; 
20 R 6 is alkyl; and 

X is O, S, SO : or CH 2 . 

In a third preferred subembodiment, a compound of Formula X, XI or XII, or a 
pharmaceutically acceptable salt or prodrug thereof, is provided wherein: 

Base is a purine or pyrimidine base as defined herein; 
R ! . R 2 and \V are independently H or phosphate; 

\ i> < ». 



10 



15 



20 



In even more preferred subembodiments. a compound of Formula XI, or its 
pharmaceutically acceptable salt or prodrug, is provided: 

Base 



R'0„ 



7 



OR- 



(XI) 



wherein: 



Base is a purine or pyrimidinc base as defined herein; optionally substituted with an amine or 
cyclopropyl (e.g., 2-amino, 2,6-diamino or cyclopropyl guanosine); and 

R 1 and R : are independently H; phosphate (including monophosphate, diphosphate, 
triphosphate, or a stabilized phosphate prodrug); acyl (including lower acyl); alkyl (including 
lower alkyl); sulfonate ester including alkyl or arylalkyl sulfonyl including methanesulfonyl 
and benzyl, wherein the phenyl group is optionally substituted with one or more substituents 
as described in the definition of aryl given herein; a lipid, including a phospholipid; an amino 
acid; a carbohydrate; a peptide; a cholesterol; or other pharmaceutical^ acceptable leaving 
group w hich when administered in vivo is capable of providing a compound wherein R 1 or R 2 
is independently H or phosphate. 

In a ninth principal embodiment a compound selected from Formula XIII, XIV or 
XV, or a pharmaceutically acceptable salt or prodrug thereof, is provided: 



r'o. 



Base 



R'O. 



Base 



r'o. 



Base 



OR : OR ; 

(XIII) 



OR" 



(XIV) 



(XV) 



wherein: 



i r. ... . i i , 



inpho>phatc. o; a Mobilized plio>pna , ie prodrug): ac_\i ( i nc uui mg u wi. aiK}i tmouain^ 
lower alkvl); sulfonate ester including alkyl or arylalkyl sulfonyl including methanesulfonyl 



and benzyl, wherein the phenyl group is optionally substituted with one or more substituents 
as described in the definition of aryl given herein; a lipid, including a phospholipid; an amino 
acid; a carbohydrate; a peptide; a cholesterol; or other pharmaccutically acceptable leaving 
uroup which when administered //; vivo is capable of providing a compound wherein R l , R 2 
5 or R 3 is independently H or phosphate; 

R fl is hydrogen, hydroxy, alkyl (including lower alkyl), azido, cyano, alkenyl, alkynyl, Br- 
vinyl, -C(0)0(alkyl), -C(0)0(lo\ver alkyl), -O(acyl), -0(lower acyl), -O(alkyl), -0(lower 
alkyl), -O(alkcnyl), chloro, bromo, fluoro, iodo, N0 2 , NH 2 , -NH(lowcr alkyl), -NH(acyl), - 
N(lower alkyl ) 2 , -N(acyl) 2 ; and 
10 XisO, S, S0 2 orCH 2 . 

In a first preferred subembodiment, a cornpound of Formula XIII, XIV or XV, or a 
pharmaccutically acceptable salt or prodrug thereof, is provided wherein: 

Base is a purine or pyrimidine base as defined herein; 
R 1 , R 2 and R ? are independently hydrogen or phosphate; 
15 R 6 is alkyl; and 

Xis O, S, S0 2 or CH 2 . 

In a second preferred subembodiment, a compound of Formula XIII, XIV or XV, or a 
pharmaceutically acceptable salt or prodrug thereof, is provided wherein: 

Base is a purine or pyrimidine base as defined herein; 
20 R 1 , R 2 and R 3 are hydrogens; 

R (, is alkyl; and 
XisO, S, SO: orCIF. 

In a third preferred subembodiment, a compound of Formula XIII, XIV or XV, or a 
pharmaceutically acceptable salt or prodrug thereof is provided wherein: 

25 Base is a purine or pyrimidine base as defined herein; 



X is (). 



In a tenth principal embodiment the invention provides a compound of Formula XVI, 
or a pharmaceutical!)' acceptable salt or prodrug thereof: 



Base 



R 1 1 1 x R 



R" R 

(XVI) 

5 wherein: 

Base is a purine or pyrimidme base as defined herein; 

R ! and R : are independently II; phosphate (including monophosphate, diphosphate, 
triphosphate, or a stabilized phosphate prodrug); acyl (including lower acyl); alkyl (including 
lower alkyl); sulfonate ester including alkyl or arylalkyl sulfonyl including methanesulfonyl 
10 and benzyl, wherein the phenyl group is optionally substituted with one or more substituents 

as described in the definition of aryl given herein; a lipid, including a phospholipid; an amino 
acid; a carbohydrate; a peptide; a cholesterol; or other pharmaceutically acceptable leaving 
group which when administered in vivo is capable of providing a compound wherein R 1 and 
R 2 are independently H or phosphate; 

15 R 6 is hydrogen, hydroxy, alkyl (including lower alkyl), azido, cyano, alkenyl, alkynyl, Br- 

vinyl, -C(0)0(alkyl), -C(0)0(lower alkyl), -O(acyl), -0(lower acyl), -O(alkyl), -0(lower 
alkyl), -O(alkenyl), chloro, bromo, fluoro, iodo, N0 2 , NH 2 , -NH(lower alkyl), -NH(acyl), - 
N(lower alkyl):, -N(acyl) 2 ; 

R and R*' are independently hydrogen, OR : , hydroxy, alkyl (including lower alkyl), azido, 
20 cyano, alkenyl, alkynyl, Br-vinyl, -C(0)0(alkyl), -C(0)0(lower alkyl), -O(acyl), -0(lower 

acyl), -O(alkyl), -0(lower alkyl), -O(alkenyl), chlorine, bromine, iodine, N0 2 , NH 2 , 
-NH(lower alkyl), -NH(acyl), -N(lower alkyl) 2 , -N(acyl) 2 ; 

R s and R m are independently H, alkyl (including lower alkyl), chlorine, bromine or iodine; 



\ is K ). S. SO; or 1 11;. 



In a first preferred subembodiment. a compound of Formula XVI, or Us 
pharmaceutical^' acceptable salt or prodrug, is provided in which: (1) Base is a purine or 
pyrim.dine base as defined herein; (2) R 1 is independently H or phosphate (including 
monophosphate, diphosphate, triphosphate, or a stabilized phosphate prodrug); acyl 

5 (including lower acyl); alkyl (including lower alkyl); sulfonate ester including alkyl or 

arylalkyl sulfonyl including methanesulfonyl and benzyl, wherein the phenyl group is 
optionally substituted with one or more substituents as described in the definition of aryl 
given herein; a lipid, including a phospholipid; an amino acid; a carbohydrate; a peptide; a 
cholesterol; or other pharmaceutical^ acceptable leaving group which when administered in 

1 0 vivo is capable of providing a compound wherein R 1 is independently H or phosphate; (3) R b 

is alkyl; (4) R 7 and R 9 are independently OR 2 , alkyl, alkenyl, alkynyl, Br-vinyl, O-alkenyl, 
chlorine, bromine, iodine, N0 2 , amino, loweralkylamino or di(loweralkyl)amino; (5) R* and 
R 1() are independently H, alkyl (including lower alkyl), chlorine, bromine, or iodine; and (6) 
XisO, S, SO: or CH 2 . 

15 In a second preferred subembodiment, a compound of Formula XVI, or its 

pharmaceutical^ acceptable salt or prodrug, is provided in which: (1) Base is a purine or 
pyrimidine base as defined herein; (2) R 1 is independently H or phosphate (including 
monophosphate, diphosphate, triphosphate, or a stabilized phosphate prodrug); acyl 
(including lower acyl); alkyl (including lower alkyl); sulfonate ester including alkyl or 

20 arylalkyl sulfonyl including methanesulfonyl and benzyl, wherein the phenyl group is 

optionally substituted with one or more substituents as described in the definition of aryl 
given herein; a lipid, including a phospholipid; an amino acid; a carbohydrate; a peptide; a 
cholesterol; or other pharmaceutically acceptable leaving group which when administered in 
vivo is capable of providing a compound wherein R ! is independently H or phosphate; (3) R ( ' 

25 is alkyl, alkenyl, alkynyl. Br-vinyl, hydroxy. O-alkyl, O-alkenyl, chloro. bromo, fluoro, iodo, 

NO : , amino, loweralkylamino. or di(loweralkyl)amino; (4) R~ and R" are independently OR 2 ; 
(5) R s and R 10 are independently H, alkyl (including lower alkyl), chlorine, bromine, or 
iodine; and (6) X is O. S, SO : or CH : . 

i. .k:, i „,-.,r..,-, •.<,! v'.h.Mnhoilinicnl :i compound of Formula XVI. or its 



monophosphate, diphosphate, triphosphate, or a stabilized phosphate prodrug): acyl 
. • i. . , ..!,- ; ,]v .,i , :,,,.!,,,!(,■,•< Uwer alkvl): sulfonate ester including alkyl or 




arvlalkvl sulfonyl including mcthancsulfonyl and benzyl, wherein the phenyl group is 
optionally substituted with one or more substituents as described in the definition of aryl 
eiven herein; a lipid, including a phospholipid; an amino acid; a carbohydrate; a peptide; a 
cholesterol; or other pharmaceutically acceptable leaving group which when administered in 
5 vivo is capable of providing a compound w herein R 1 is independently H or phosphate; (3) R h 

is alkyl, alkenyl, alkynyi. Br-vinyl, hydroxy, O-alkyl, O-alkenyl, chloro, bromo, fluoro, iodo, 
NO:, amino, loweralkylamino or di(lo\veralkyl)amino; (4) R 7 and R l> are independently OR 2 , 
alkyl, alkenyl, alkynyi, Br-vinyl, O-alkenyl, chlorine, bromine, iodine, NO:, amino, 
loweralkylamino or di( loweralkyl)amino; (5) R h and R lu are H; and (6) X is O, S, S0 2 or 
10 CH 2 . 

In a fourth preferred subembodiment, a compound of Formula XVI, or its 
pharmaceutically acceptable salt or prodrug, is provided in which: (1) Base is a purine or 
pyrimidine base as defined herein; (2) R 1 is independently H or phosphate (including 
monophosphate, diphosphate, triphosphate, or a stabilized phosphate prodrug); acyl 

15 (including lower acyl); alkyl (including lower alkyl); sulfonate ester including alkyl or 

arylalkyl sulfonyl including methanesulfonyl and benzyl, wherein the phenyl group is 
optionally substituted with one or more substituents as described in the definition of aryl 
given herein; a lipid, including a phospholipid; an amino acid; a carbohydrate; a peptide; a 
cholesterol; or other pharmaceutically acceptable leaving group which when administered in 

20 vivo is capable of providing a compound wherein R 1 is independently H or phosphate; (3) R 6 

is alkyl, alkenyl, alkynyi, Br-vinyl, hydroxy, O-alkyl, O-alkenyl, chloro, bromo, fluoro, iodo, 
NO:, amino, loweralkylamino, or di(loweralkyl)amino; (4) R 7 and R 9 are independently OR 2 , 
alkyl, alkenyl, alkynyi, Br-vinyl O-alkenyl, chlorine, bromine, iodine, N0 2 , amino, 
loweralkylamino, or di(lo\\ eralk\i)amino; (5) R s and R 1 " are independently H, alkyl 

25 (including lower alkyl). chlorine, bromine, or iodine; and (6) X is O. 

In a fifth preferred subembodiment, a compound of Formula XVI, or its 
pharmaceutically acceptable salt or prodrug, is provided in which: (1) Base is a purine or 
pvrimidinc base as defined herein; (2) R 1 is independently H or phosphate (including 
monophosphate, diphosphate, triphosphate, or a stabilized phosphate prodrug); acyl 



optionally substituted with one or more substituents as described m the definition oi aryl 
i'iven herein: a lipid, including a phospholipid; an amino acid; a carbohydrate; a peptide; a 



cholesterol; or other pharmaceutical!}' acceptable leaving group which when administered /// 
vivo is capable of providing a compound wherein R 1 is independently H or phosphate; (3 ) R 6 
is alkyl; (4) R and R K} are independently OR 1 ; (5) R s and R l ° are independently H, alkyl 
(including lower alkyl), chlorine, bromine or iodine; and (6) X is O, S, SO? or CH 2 . 

5 In a sixth preferred subembodiment, a compound of Formula XVI, or its 

pharmaceutical!}' acceptable salt or prodrug, is provided in which: (1) Base is a purine or 
pyrimidine base as defined herein; (2) R 1 is independently H or phosphate (including 
monophosphate, diphosphate, triphosphate, or a stabilized phosphate prodrug); acyl 
(including lower acyl); alkyl (including lower alkyl); sulfonate ester including alkyl or 

10 arylalkyl sulfonyl including methanesulfonyl and benzyl, wherein the phenyl group is 

optionally substituted with one or more substituents as described in the definition of aryl 
given herein; a lipid, including a phospholipid; an amino acid; a carbohydrate; a peptide; a 
cholesterol; or other pharmaceutically acceptable leaving group which when administered in 
vivo is capable of providing a compound wherein R 1 is independently H or phosphate; (3) R 6 

15 is alkyl; (4) R 7 and R 9 are independently OR 2 , alkyl (including lower alkyl), alkenyl, alkynyl, 

Br-vinyl, O-alkenyl, chlorine, bromine, iodine, N0 2 , amino, loweralkylamino, or 
di(loweralkyl)amino; (5) R 8 and R 10 are H; and (6) X is O, S, S0 2 , or CH 2 - 

In a seventh preferred subembodiment, a compound of Formula XVI, or its 
pharmaceutically acceptable salt or prodrug, is provided in which: (1) Base is a purine or 

20 pyrimidine base as defined herein; (2) R 1 is independently H or phosphate (including 

monophosphate, diphosphate, triphosphate, or a stabilized phosphate prodrug); acyl 
(including lower acyl); alkyl (including lower alkyl); sulfonate ester including alkyl or 
arvialkyl sulfonyl including methanesulfonyl and benzyl, wherein the phenyl group is 
optionally substituted with one or more substituents as described in the definition of aryl 

25 given herein; a lipid, including a phospholipid; an amino acid; a carbohydrate; a peptide; a 

cholesterol; or other pharmaceutically acceptable leaving group which when administered in 
vivo is capable of providing a compound wherein R 1 is independently H or phosphate; (3) R 6 
is alkyl; (4) R 7 and R g are independently OR 2 , alkyl (including lower alkyl), alkenyl, alkynyl, 
Rr-vmvl O-alkenvl. chlorine, bromine, iodine, NO-, amino, loweralkylamino or 



In a eighth preferred subembodiment. a compound of Formula XVI. or its 




pvnmidine base as defined herein; (2) R 1 is independently H or phosphate (including 
monophosphate, diphosphate, triphosphate, or a stabilized phosphate prodrug); acyl 
(including lower acyl); alky 1 (including lower alky 1); sulfonate ester including alkyl or 
arylalkvl sulfonyl including methanesulfonyl and benzyl, wherein the phenyl group is 
5 optionally substituted with one or more substituents as described in the definition of aryl 

given herein; a lipid, including a phospholipid; an amino acid; a carbohydrate; a peptide; a 
cholesterol; or other phannaceutically acceptable leaving group which when administered in 
vivo is capable of providing a compound wherein R 1 is independently H or phosphate; (3) R 6 
is alkyl (including lower alkyl), alkenyl, alkynyl, Br-vinyl, hydroxy, O-alkyl, O-alkenyl, 
10 chloro, bromo, fluoro, iodo, N0 2 , amino, loweralkylamino or di(loweralkyl)amino; (4) R 7 

and R g are independently OR 2 ; (5) R 8 and R 10 are hydrogen; and (6) X is O, S, S0 2 or CH 2 . 

In a ninth preferred subembodiment, a compound of Formula XVI, or its 
pharmaceutical^ acceptable salt or prodrug, is provided in which: (1) Base is a purine or 
pyrimidine base as defined herein; (2) R 1 is independently H or phosphate (including 

15 monophosphate, diphosphate, triphosphate, or a stabilized phosphate prodrug); acyl 

(including lower acyl); alkyl (including lower alkyl); sulfonate ester including alkyl or 
arylalkyl sulfonyl including methanesulfonyl and benzyl, wherein the phenyl group is 
optionally substituted with one or more substituents as described in the definition of aryl 
given herein; a lipid, including a phospholipid; an amino acid; a carbohydrate; a peptide; a 

20 cholesterol; or other phannaceutically acceptable leaving group which when administered in 

vivo is capable of providing a compound wherein R 1 is independently H or phosphate; (3) R 6 
is alkyl (including lower alkyl), alkenyl, alkynyl, Br-vinyl, hydroxy, O-alkyl, O-alkenyl, 
chloro, bromo, fluoro, iodo, NO : , amino, loweralkylamino or di(loweralkyl)amino; (4) R 7 
and R w are independently OR : ; (5) R s and R !() are independently H, alkyl (including lower 

25 alkyl), chlorine, bromine or iodine; and (6) X is O. 

In a tenth preferred subembodiment, a compound of Formula XVI, or its 
phannaceutically acceptable salt or prodrug, is provided in which: (1) Base is a purine or 
pvrimidine base as defined herein; (2) R 1 is independently H or phosphate (including 
monophosphate, diphosphate, triphosphate, or a stabilized phosphate prodrug); acyl 

optionally substituted with one or more substituents as described m the definition ot aryl 
riven herein: a lipid, including a phospholipid; an ammo acid: a carbohydrate: a peptide; a 



cholesterol; or other pharmaceutical^- acceptable leaving group which when administered in 
vivo is capable of providing a compound wherein R 1 is independently H or phosphate; (3) R 6 
is alkyl (including lower alkyl). alkenyl, alkynyl, Br-vinyl. hydroxy, O-alkyl, O-alkenyi, 
chloro, bromo, fluoro, iodo, NO : , amino, loweralkylamino or di(loweralkyl)amino; (4) R ; 
5 and R w are independently OR 2 , alkyl (including lower alkyl), alkenyl, alkynyl, Br-vinyl, O- 

alkenyl, chlorine, bromine, iodine, N0 2 , amino, loweralkylamino, or di(lowcralkyl)amino; (5) 
R s and R lu are hydrogen; and (6) X is O. 

In an eleventh preferred subembodiment, a compound of Formula XVI, or its 
pharmaceutical^ acceptable salt or prodrug, is provided in which: (1) Base is a purine or 
10 pyrimidine base as defined herein; (2) R 1 is independently H or phosphate; (3) R 6 is alkyl 

(including lower alkyl), alkenyl, alkynyl, Br-vinyl, hydroxy, O-alkyl, O-alkenyl, chloro, 
bromo, fluoro, iodo, N0 2 , amino, loweralkylamino or di(lo\vcralkyl)amino; (4) R' and R v are 
independently OR 2 ; (5) R 8 and R 10 are hydrogen; and (6) X is O, S, S0 2 or CH 2 . 

In a twelfth preferred subembodiment, a compound of Formula XVI, or its 
15 pharmaceutical^ acceptable salt or prodrug, is provided in which: (1) Base is a purine or 

pyrimidine base as defined herein; (2) R 1 is independently H or phosphate; (3 ) R 6 is alkyl; (4) 
R 7 and R 9 are independently OR 2 ; (5) R 8 and R 10 are hydrogen; and (6) X is O, S, S0 2 , or 
CH 2 . 

In a thirteenth preferred subembodiment, a compound of Formula XVI, or its 
20 pharmaceutieallv acceptable salt or prodrug, is provided in which: (1) Base is a purine or 

pyrimidine base as defined herein; (2) R 1 is independently H or phosphate; (3 ) R 6 is alkyl; (4) 
R 7 and R 9 are independently OR 2 ; (5) R 8 and R 10 are independently H, alkyl (including lower 
alkvl), chlorine, bromine, or iodine: and (6) X is O. 

In a fourteenth preferred subembodiment, a compound of Formula XVI, or its 
25 pharmaceutically acceptable salt or prodrug, is provided in which: (1) Base is a purine or 

pyrimidine base as defined herein; (2) R 1 is independently H or phosphate; (3 ) R 6 is alkyl; (4) 
R^ and R 9 are independently OR 2 , alkyl (including lower alkyl), alkenyl, alkynyl, Br-vinyl, 
O-alkenyl, chlorine, bromine, iodine, NO : , amino, loweralkylamino or di(lowcralkyl)amino; 



pharmaceutieallv acceptable >alt or prodrug, is pro\ ided in which: 




(1) Base is adenine; (2) R 1 is hydrogen; (3) R h is methyl; (4) R and R 9 are hydroxyl; 
(5) R s and R 1( ' are hydrogen; and (6) X is O; 

(1) Base is guanine; (2) R 1 is hydrogen; (3) R 6 is methyl; (4) R and R 9 are hydroxyl; 
(5) R s and R 1(J are hydrogen; and (6) X is O; 
5 (1) Base is cytosine; (2) R ! is hydrogen; (3) R 6 is methyl; (4) R 7 and R 9 are hydroxyl; 

(5) R s and R 10 are hydrogen; and (6) X is O; 

(1) Base is thymine; (2) R 1 is hydrogen; (3) R (> is methyl; (4) R 7 and R 9 are hydroxyl; 
(5) R s and R 1() are hydrogen; and (6) X is O; 

(1) Base is uracil; (2) R 1 is hydrogen; (3) R 6 is methyl; (4) R 7 and R 9 are hydroxyl; (5) 
10 R 8 and R 10 are hydrogen; and (6) X is O; 

(1) Base is adenine; (2) R l is phosphate; (3) R° is methyl; (4) R 7 and R 9 are hydroxyl; 
(5) R 8 and R 10 are hydrogen; and (6) X is O; 

(1) Base is adenine; (2) R 1 is hydrogen; (3) R 6 is ethyl; (4) R 7 and R 9 are hydroxyl; (5) 
R 8 and R 10 are hydrogen; and (6) X is O; 
15 (i) Base is adenine; (2) R 1 is hydrogen; (3) R 6 is propyl; (4) R 7 and R 9 are hydroxyl; 

(5) R 8 and R !0 are hydrogen; and (6) X is O; 

(1) Base is adenine; (2) R 1 is hydrogen; (3) R 6 is butyl; (4) R 7 and R 9 are hydroxyl; (5) 
R 8 and R 10 are hydrogen; and (6) X is O; 

(1) Base is adenine; (2) R 1 is hydrogen; (3) R 6 is methyl; (4) R 7 is hydrogen and R 9 is 
20 hydroxyl; (5) R 8 and R 10 are hydrogen; and (6) X is O; 

(1 ) Base is adenine; (2) R is hydrogen; (3) R (l is methyl; (4) R 1 and R 9 are hydroxyl; 
(5) R s and R ,( ' are hydrogen; and (6) X is S; 

(1) Base is adenine; (2) R is hydrogen; (3) R f1 is methyl; (4) R and R 9 are hydroxyl; 
(5) R s and R ! ° are hydrogen; and (6) X is S0 2 ; 
25 (1 ) Base is adenine; (2) R 1 is hydrogen; (3) R 6 is methyl; (4) R 7 and R 9 are hydroxyl; 

(M R s and R m arc hydrogen; and (6) X is CH : ; 
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(XVII) 

wherein: 

Base is a purine or pyrimidine base as defined herein; 

5 R 1 is H; phosphate (including monophosphate, diphosphate, triphosphate, or a stabilized 

phosphate prodrug); acyl (including lower acyl); alkyl (including lower alkyl); sulfonate ester 
i nc ! u d i n u a 1 k vl o r arvlalky] sulfonvl including methanesulfonyl and benzyl, wherein the 
phenyl group is optionally substituted with one or more substituents as described in the 
definition of aryl given herein; a lipid, including a phospholipid; an amino acid; a 
10 carbohydrate; a peptide; a cholesterol; or other pharmaceutically acceptable leaving group 

which when administered in vivo is capable of providing a compound wherein R 1 is 
independently H or phosphate; 

R 6 is hydrogen, hydroxy, alkyl (including lower alkyl), azido, cyano, alkenyl, alkynyl, Br- 
vinyl, -C(0)0(alkyl), -C(0)0(lo\ver alkyl), -O(acyl), -0(lower acyl), -O(alkyl), -O(lower 
15 alkyl), -O(alkenyl), chloro, bromo, fluoro, iodo, N0 2 , NH 2 , -NH(lower alkyl), -NH(acyl), - 

N(lower alkyl) 2 , -N(acyl) 2 ; 

R 7 and R 9 are independently hydrogen, OR 2 , hydroxy, alkyl (including lower alkyl), azido, 
cyano. alkenyl alkynyl, Br-vinyl, -C(0)0(alkyl), -C(0)0(lower alkyl), -O(acyl), -0(lower 
acyl), -O(alkyl), -0(lo\ver alkyl), -O(alkenyl), chlorine, bromine, iodine, NO : , NII 2 , - 
20 NHOower alkyl), -NH(acyl), -N( lower alk\i) : , -N(ac\i) : ; 

R 10 is H, alkyl (including lower alkyl), chlorine, bromine, or iodine; 

alternatively, R and R g . or R^ and R 10 can come together to form a pi bond; and 



X isO, S, SO: or CI I: 



pvnmuline txisc as defined herein; (2t R is independent!) H; pi)osphate (lneluding 
monophosphate, diphosphate, triphosphate, or a stabilized phosphate prodrug); acyl 




(including lower acyl); alkyl (including lower alkyl); sulfonate ester including alkyl or 
arvlalkvl sulfonyl including mcthanesulfonyl and benzyl, wherein the phenyl group is 
optionally substituted with one or more substituents as described in the definition of aryl 
given herein; a lipid, including a phospholipid; an amino acid; a carbohydrate; a peptide; a 
5 cholesterol; or other pharmaceuticals acceptable leaving group which when administered /// 

vivo is capable of providing a compound wherein R 1 is independently H or phosphate; (3) R 6 
is alkyl (including lower alkyl), alkenyl, alkynyl, Br-vinyl hydroxy, O-alkyl, O-alkenyl, 
chloro, bromo, fluoro, iodo, N0 2 , amino, loweralkyiamino, or di(loweralkyl)amino; (4) R 7 
and R° are independently hydrogen, OR : , alkyl (including lower alkyl), alkenyl, alkynyl, Br- 
10 vinyl, O-alkenyl, chlorine, bromine, iodine, N0 2 , amino, loweralkyiamino or di(loweralkyl)- 

amino; (5) R 10 is H; and (6) X is O, S, S0 2 , or CH 2 . 

In a second preferred subembodiment, a compound of Formula XVII, or its 
pharmaceutical^ acceptable salt or prodrug, is provided in which: (1) Base is a purine or 
pyrimidine base as defined herein; (2) R 1 is independently H; phosphate (including 

1 5 monophosphate, diphosphate, triphosphate, or a stabilized phosphate prodrug); acyl 

(including lower acyl); alkyl (including lower alkyl); sulfonate ester including alkyl or 
arvlalkvl sulfonyl including mcthanesulfonyl and benzyl, wherein the phenyl group is 
optionally substituted with one or more substituents as described in the definition of aryl 
given herein; a lipid, including a phospholipid; an amino acid; a carbohydrate; a peptide; a 

20 cholesterol; or other pharmaceutical^ acceptable leaving group which when administered in 

vivo is capable of providing a compound wherein R 1 is independently H or phosphate; (3) R 6 
is alkyl (including lower alkyl), alkenyl, alkynyl, Br-vinyl, hydroxy, O-alkyl, O-alkenyl, 
chloro, bromo, fluoro, iodo, N0 2 , amino, loweralkyiamino or di(loweralkyl)amino; (4) R 7 
and R 1 ' arc independently OR : ; (5) R 1 " is H, alkyl (including lower alkyl), chlorine, bromine, 

2? or iodine; and (6) X is O, S, SO : or CH 2 . 

In a third preferred subembodiment, a compound of Formula XVII, or its 
pharmaceuticals acceptable salt or prodrug, is provided in which: (1) Base is a purine or 
pyrimidine base as defined herein; (2) R 1 is independently H; phosphate (including 
monophosphate, diphosphate, triphosphate, or a stabilized phosphate prodrug); acyl 

optionallv substituted with one or more substituents as described in the definition ot aryl 
>M\en herein: a lipid, including a phospholipid: an amino acid; a carbohydrate; a peptide; a 



cholesterol; or other pharmaceuticals acceptable leaving group which when administered in 
vivo is capable of providing a compound w herein R 1 is independently H or phosphate; (3) 
is alkyl (including lower alkyl), alkenyl, alkynyl, Br-vinyl, hydroxy, O-alkyl, O-alkenyl, 
chloro, bromo. fluoro, iodo, NO:, amino, low eralkyiamino. or di(lo\veralkyl)amino; (4) R 
5 and are independently hydrogen, OR 2 , alkyl (including lower alkyl), alkenyl, alkynyl, Br- 

vinyl, O-alkenyl, chlorine, bromine, iodine, NO2, amino, loweralkylammo or di(loweralkyl)- 
amino; (5) R lu is H, alkyl (including lower alkyl), chlorine, bromine or iodine; and (6) X is O. 

In a fourth preferred subembodiment, a compound of Formula XVII, or its 
pharmaceutically acceptable salt or prodrug, is provided in which: (1) Base is a purine or 

10 pyrimidine base as defined herein; (2) R 1 is independently H; phosphate (including 

monophosphate, diphosphate, triphosphate, or a stabilized phosphate prodrug); acyl 
(including lower acyl); alkyl (including lower alkyl); sulfonate ester including alkyl or 
arylalkyl sulfonyl including methanesulfonyl and benzyl, wherein the phenyl group is 
optionally substituted with one or more substituents as described in the definition of aryl 

15 given herein; a lipid, including a phospholipid; an amino acid; a carbohydrate; a peptide; a 

cholesterol; or other pharmaceutically acceptable leaving group which when administered in 
vivo is capable of providing a compound wherein R 1 is independently H or phosphate; (3) R 6 
is alkyl (including lower alkyl), alkenyl, alkynyl, Br-vinyl, hydroxy, O-alkyl, O-alkenyl, 
chloro, bromo, fluoro, iodo, NO2, amino, loweralkylamino or di(loweralkyl)amino; (4) R 7 

20 and R 9 are independently OR 2 ; (5) R 10 is H; and (6) X is O, S, SO, or CH 2 . 

In a fifth preferred subembodiment, a compound of Formula XVII, or its 
pharmaceutically acceptable salt or prodrug, is provided in which: (1) Base is a purine or 
pvrimidine base as defined herein; (2) R 1 is independently H; phosphate (including 
monophosphate, diphosphate, triphosphate, or a stabilized phosphate prodrug); acyl 
2S (including lower acyl); alkyl (including lower alkyl); sulfonate ester including alkyl or 

arylalkvl sulfonyl including methanesulfonyl and benzyl, wherein the phenyl group is 
optionally substituted with one or more substituents as described in the definition of aryl 
uiven herein; a lipid, including a phospholipid; an amino acid; a carbohydrate; a peptide; a 
cholesterol: or other pharmaceutical! v acceptable leaving group which when administered /// 



chloro. bromo. tluoro. iodo, \( K amino, loweralkylamino or di( low eralks 1 )ammo: (4) R 



and R v arc independently OR : ; (5) R 1 " is H, alkyl (including lower alkyl), chlorine, bromine 
or iodine; and (6) X is O. 

In a sixth preferred subembodiment, a compound of Formula XVII, or its 
pharmaceutical^ acceptable salt or prodrug, is provided in which: (1) Base is a purine or 
5 pyrimidine base as defined herein; (2) R 1 is independently H; phosphate (including 

monophosphate, diphosphate, triphosphate, or a stabilized phosphate prodrug); acyl 
(including lower acyl); alkyl (including lower alkyl); sulfonate ester including alkyl or 
arylalkyl sulfonyl including methanesulfonyl and benzyl, wherein the phenyl group is 
optionally substituted with one or more substituents as described in the definition of aryl 

10 given herein; a lipid, including a phospholipid; an amino acid; a carbohydrate; a peptide; a 

cholesterol; or other pharmaceutically acceptable leaving group which when administered in 
vivo is capable of providing a compound wherein R 1 is independently H or phosphate; (3) R u 
is alkyl (including lower alkyl), alkenyl, alkynyl, Br-vinyl, hydroxy, O-alkyl, O-alkenyl, 
chloro, bromo, fluoro, iodo, NO2, amino, lowcralkylamino, or di(loweralkyl)amino; (4) R 7 

15 and R 9 are independently hydrogen, OR 2 , alkyl (including lower alkyl), alkenyl, alkynyl, Br- 

vinyl, O-alkenyl, chlorine, bromine, iodine, N0 2 , amino, loweralkylamino, or 
di(loweralkyl)amino; (5) R 10 is H; and (6) X is O. 

In a seventh preferred subembodiment, a compound of Formula XVII, or its 
pharmaceutically acceptable salt or prodrug, is provided in which: (1) Base is a purine or 

20 pyrimidine base as defined herein; (2) R 1 is independently H; phosphate (including 

monophosphate, diphosphate, triphosphate, or a stabilized phosphate prodrug); acyl 
(including lower acyl); alkyl (including lower alkyl); sulfonate ester including alkyl or 
arylalkyl sulfonyl including methanesulfonyl and benzyl wherein the phenyl group is 
optionally substituted with one or more substituents as described in the definition of aryl 

25 uiven herein; a lipid, including a phospholipid; an amino acid; a carbohydrate; a peptide; a 

cholesterol; or other pharmaceutically acceptable leaving group which when administered in 
vivo is capable of providing a compound wherein R 1 is independently H or phosphate; (3) R 6 
is alkyl (including lower alkyl), alkenyl, alkynyl, Br-vinyl, hydroxy, O-alkyl, O-alkenyl 
rhloro. hromo. fluoro. iodo. NO-, amino, loweralkylamino. or di(loweralkyl)amino; (4) R 



pharmaceutically acceptable salt or prodrug, is provided in which: (1) Base is a purine or 

4' i 




R and R w arc independently hydrogen. OR*, alkyl (including lower alkyl), alkenyl, alkynyl, 
Br-vinyl, O-alkenyl. chlorine, bromine, iodine, N0 2 , amino, loweralkylamino or 
di(lo\veralkyl)-amino; (5) R l " is H, alkyl (including lower alkyl), chlorine, bromine or iodine; 
and (6) X is O, S, S0 2 , orCH : . 

5 In a ninth preferred subembodiment, a compound of Formula XVII, or its 

pharmaceutical^ acceptable salt or prodrug, is provided in which: (1) Base is a purine or 
pyrimidine base as defined herein; (2) R 1 is independently H or phosphate; (3) R 6 is alkyl 
(including lower alkyl), alkenyl, alkynyl, Br-vinyl, hydroxy, O-alkyl, O-alkenyl, chloro, 
bromo, fluoro, iodo, NO:, amino, loweralkylamino, or di(lo\veralkyl)amino; (4) R 7 and R 9 are 
10 independently OR 2 ; (5) R 10 is H; and (6) X is O, S, S0 2 , or CH 2 . 

In a tenth preferred subembodiment, a compound of Formula XVII, or its 
pharmaceutical^ acceptable salt or prodrug, is provided in which: (1) Base is a purine or 
pyrimidine base as defined herein; (2) R 1 is independently H or phosphate; (3) R 6 is alkyl; (4) 
R 7 and R 9 are independently OR 2 ; (5) R 10 is H; and (6) X is O, S, SO : , or CH 2 . 

15 In even more preferred subembodiments, a compound of Formula XVII, or its 

pharmaceutical^ acceptable salt or prodrug, is provided in which: 

(1) Base is adenine; (2) R 1 is hydrogen; (3) R 6 is methyl; (4) R 7 and R 9 are hydroxyl; 
(5) R 10 is hydrogen; and (6) X is O; 

(1) Base is guanine; (2) R 1 is hydrogen; (3) R 6 is methyl; (4) R 7 and R 9 are hydroxyl; 
20 (5) R 10 is hydrogen; and (6) X is O; 

(1) Base is cytosine; (2) R 1 is hydrogen; (3) R 6 is methyl; (4) R 7 and R 9 are hydroxyl; 
(5) R 1() is hydrogen; and (6) X is O; 

(1 ) Base is thymine; (2) R 1 is hydrogen; (3) R f1 is methyl; (4) R and R 9 are hydroxyl; 
(5) R 10 is hydrogen; and (6) X is O; 

25 (1) Base is uracil; (2) R 1 is hydrogen; (3) R 6 is methyl; (4) R 7 and R 9 are hydroxyl; (5) 

R 10 is hydrogen; and (6) X is O; 

(1 ) Base is adenine; (2) R 1 is phosphate; (3) R f1 is methyl; (4) R and R 9 are hydroxyl; 

3n R' is h\drouen; and (0) X is O; 
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(1) Base is adenine; (2) R 1 is hydrogen; (3) R f> is propyl; (4) R and R g are hydroxyl; 
(5) R l " is hydrogen; and (6) X is O; 

( 1 ) Base is adenine; (2) R 1 is hydrogen; (3) R (1 is butyl; (4) R and are hydroxyl; (5) 
R Ui is hydrogen; and (6) X is O; 

(1) Base is adenine; (2) R 1 is hydrogen; (3) R 6 is methyl; (4) R and R 9 are hydroxyl; 
(5) R 1() is hydrogen; and (6) X is S; 

(1) Base is adenine; (2) R 1 is hydrogen; (3) R 6 is methyl; (4) R 7 and R 9 are hydroxyl; 
(5) R 10 is hydrogen; and (6) X is S0 2 ; or 

(1) Base is adenine; (2) R 1 is hydrogen; (3) R 6 is methyl; (4) R 7 and R 9 are hydroxyl; 
(5) R 10 is hydrogen; and (6) X is CH 2 

In an twelfth principal embodiment the invention provides a compound of Formula 
XVIII, or a pharmaceutical^ acceptable salt or prodrug thereof: 



R'CX 



Base 



R b v R 



7 



R 7 

(XVIII) 

wherein: 

Base is a purine or pyrimidme base as defined herein; 

R 1 is independently H; phosphate (including monophosphate, diphosphate, triphosphate, or a 
stabilized phosphate prodrug); acyl (including lower acyl); alkyl (including lower alkyl); 
sulfonate ester including alkyl or arylalkyl sulfonyl including methanesulfonyl and benzyl, 
wherein the phenyl group is optionally substituted with one or more substituents as described 
in the definition of aryl given herein; a lipid, including a phospholipid; an amino acid; a 
carbohydrate; a peptide; a cholesterol; or other pharmaceutical^ acceptable leaving group 
which when administered in vivo is capable of providing a compound wherein R 1 is 



\in\L -('(OlOialkvll. -( '(())(){ low er alky]). -O(acyl). ( )( lower acyl). -O(alkyl). -0( lower 




alkyl), -O(alkcnyi), chloro. bromo, lluoro, iodo. NO:, NH:, -NH(lo\vcr alkyl), -NH(acyl), - 
N(lo\vcr alkyl):, -N(acyl) : ; 

R^ and R 4> are independently hydrogen, OR 2 , alkyl (including lower alkyl), alkenyl, alkynyl, 
Br-vinyl, O-alkenyl. chlorine, bromine, iodine, NO:, amino, lower alkylamino, or 
5 di(loweralkyl)amino; 

R s is H, alkyl (including lower alkyl), chlorine, bromine or iodine; 

alternatively, R 7 and R Q , or R s and R g can come together to form a pi bond; 

XisO, S, SO: or CH 2 . 

In a first preferred subembodiment, a compound of Formula XVIII, or its 
10 pharmaceutically acceptable salt or prodrug, is provided in which: (1) Base is a purine or 

pyrimidine base as defined herein; (2) R 1 is independently H; phosphate (including 
monophosphate, diphosphate, triphosphate, or a stabilized phosphate prodrug); acyl 
(including lower acyl); alkyl (including lower alkyl); sulfonate ester including alkyl or 
arylalkyl sulfonyl including methanesulfonyl and benzyl, wherein the phenyl group is 
15 optionally substituted with one or more substituents as described in the definition of aryl 

given herein; a lipid, including a phospholipid; an amino acid; a carbohydrate; a peptide; a 
cholesterol; or other pharmaceutically acceptable leaving group which when administered in 
vivo is capable of providing a compound wherein R 1 is independently H or phosphate; (3) R 6 
is alkyl; (4) R 7 and R 9 are independently hydrogen, OR 2 , alkyl (including lower alkyl), 
20 alkenyl, alkynyl, Br-vinyl, O-alkenyl, chlorine, bromine, iodine, N0 2 , amino, 

loweralkylamino or di(loweralkyl)amino; (5) R 8 is H, alkyl (including lower alkyl), chlorine, 
bromine or iodine; and (6) X is O, S, S0 2 or CHh. 

In a second preferred subembodiment, a compound of Formula XVIII, or its 
pharmaceutically acceptable salt or prodrug, is provided in which: (1) Base is a purine or 
25 pyrimidine base as defined herein; (2) R 1 is independently H; phosphate (including 

monophosphate, diphosphate, triphosphate, or a stabilized phosphate prodrug); acyl 
(including lower acyl); alkyl (including lower alkyl); sulfonate ester including alkyl or 
■ ..-vImU-yI oilfnnvi including methancsul fonvl and ben/vh wherein the phenyl group is 

cholesterol; or other pharnuieeutically acceptable leaving group which when administered in 
; -N, • -.^ »m- of providing a i^mriMind w herein R' is independent! v H or phosphate; (?) R h 
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is alkyl (including lower alkyl), alkenyl, alkynyl, Br-vinyl, hydroxy, O-alkyl, O-alkenyl, 
ehloro, bromo, fluoro, iodo, NO : , amino, loweralkylamino or di-(loweralkyl)amino; (4) R 
and R" are independently OR : ; (5) R s is II, alkyl (including lower alkyl), chlorine, bromine, 
or iodine; and (6) X is O, S, SO : orCH : . 

5 In a third preferred subembodiment, a compound of Formula XVIII, or its 

pharmaceutically acceptable salt or prodrug, is provided in which: (1) Base is a purine or 
pyrimidine base as defined herein; (2) R 1 is independently H; phosphate (including 
monophosphate, diphosphate, triphosphate, or a stabilized phosphate prodrug); acyl 
(including lower acyl); alkyl (including lower alkyl); sulfonate ester including alkyl or 

10 arylalkyl sulfonyl including methanesulfonyl and benzyl, wherein the phenyl group is 

optionally substituted with one or more substituents as described in the definition of aryl 
given herein; a lipid, including a phospholipid; an ammo acid; a carbohydrate; a peptide; a 
cholesterol; or other pharmaceutically acceptable leaving group which when administered in 
vivo is capable of providing a compound wherein R 1 is independently H or phosphate; (3) R 6 

15 is alkyl (including lower alkyl), alkenyl, alkynyl, Br-vinyl, hydroxy, O-alkyl, O-alkenyl, 

chloro, bromo, fluoro, iodo, N0 2 , amino, loweralkylamino, or di(lower-alkyl)amino; (4) R 7 
and R 9 are independently hydrogen, OR 2 , alkyl (including lower alkyl), alkenyl, alkynyl, Br- 
vinyl, O-alkenyl, chlorine, bromine, iodine, N0 2 , amino, loweralkylamino, or 
di(loweralkyl)amino; (5) R 8 is H; and (6) X is O, S, S0 2 or CH 2 . 

20 In a fourth preferred subembodiment, a compound of Formula XVIII, or its 

pharmaceutically acceptable salt or prodrug, is provided in which: (1) Base is a purine or 
pyrimidine base as defined herein; (2) R 1 is independently H; phosphate (including 
monophosphate, diphosphate, triphosphate, or a stabilized phosphate prodrug); acyl 
(including lower acyl); alkyl (including lower alkyl); sulfonate ester including alkyl or 

25 arylalkyl sulfonyl including methanesulfonyl and benzyl, wherein the phenyl group is 

optionally substituted with one or more substituents as described in the definition of aryl 
^iven herein; a lipid, including a phospholipid; an ammo acid; a carbohydrate; a peptide; a 
cholesterol; or other pharmaceutically acceptable leaving group which when administered in 
^ rnnable of providing a compound wherein R 1 is independently H or phosphate; (3) R (> 



and R ' are independently hydrogen. OR\ alkyl (including lower alkyl), alkenyl, alkynyl. Br- 
\ invi. n-alkenvl. chlorine. bromine. iodine. NO;. ammo, loweralkylamino, or 



di(lo\vcralkyl)amino; (5) R s is H, alkyl (including lower alkyl), chlorine, bromine, or iodine; 
and (6) X is O. 

In a fifth preferred subembodiment, a compound of Formula XVIII, or its 
pharmaceutical!}' acceptable salt or prodrug, is provided in which: (1) Base is a purine or 
5 pyrimidine base as defined herein; (2) R ! is independently H; phosphate (including 

monophosphate, diphosphate, triphosphate, or a stabilized phosphate prodrug); acyl 
(including lower acyl); alkyl (including lower alkyl); sulfonate ester including alkyl or 
arylalkyl sulfonyl including methanesulfonyl and benzyl, wherein the phenyl group is 
optionally substituted with one or more substituents as described in the definition of aryl 

10 given herein; a lipid, including a phospholipid; an amino acid; a carbohydrate; a peptide; a 

cholesterol; or other pharmaccutically acceptable leaving group which when administered in 
vivo is capable of providing a compound wherein R 1 is independently H or phosphate; (3) R b 
is alkyl (including lower alkyl), alkenyl, alkynyl, Br-vinyl, hydroxy, O-alkyl, O-alkenyl, 
chloro, bromo, fluoro, iodo, NCX amino, loweralkylamino, or di(lo\veralkyl)amino; (4) R 7 

15 and R 9 are independently OR 2 ; (5) R 8 is H; and (6) X is O, S, S0 2 , or CH 2 . 

In a sixth preferred subembodiment, a compound of Formula XVIII, or its 
pharmaceutically acceptable salt or prodrug, is provided in which: (1) Base is a purine or 
pyrimidine base as defined herein; (2) R 1 is independently H; phosphate (including 
monophosphate, diphosphate, triphosphate, or a stabilized phosphate prodrug); acyl 

20 (including lower acyl); alkyl (including lower alkyl); sulfonate ester including alkyl or 

arylalkyl sulfonyl including methanesulfonyl and benzyl, wherein the phenyl group is 
optionally substituted with one or more substituents as described in the definition of aryl 
eiven herein; a lipid, including a phospholipid; an amino acid; a carbohydrate; a peptide; a 
cholesterol; or other pharmaceutically acceptable leaving group which when administered in 

25 vivo is capable of providing a compound wherein R ! is independently H or phosphate; (3) R fl 

is alkyl (including lower alkyl), alkenyl, alkynyl, Br-vinyl, hydroxy, O-alkyl, O-alkenyl, 
chloro, bromo, fluoro, iodo, NO2, amino, loweralkylamino, or di(loweralkyl)amino; (4) R' 
and R° are independently OR 2 ; (5) R* is H, alkyl (including lower alkyl), chlorine, bromine, 

^- i ruling- -md ( M X" O 



pvrimidine base as defined herein: (2) R is independently II ; phosphate (including 
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(including lower acyl): alkyl (including lower alkyl); sulfonate ester including alkyl or 
arylalkyl sulfonyl including methanesullbnyl and benzyl, wherein the phenyl group is 
optionally substituted with one or more substituents as described in the definition of aryl 
uiven herein; a lipid, including a phospholipid; an amino acid; a carbohydrate; a peptide; a 
5 cholesterol; or other pharmaceutical^ acceptable leaving group which when administered in 

vivo is capable of providing a compound wherein R 1 is independently H or phosphate; (3) R 6 
is alkyl (including lower alkyl), alkenyl, alkynyl, Br-vinyL hydroxy, O-alkyl, O-alkenyl, 
chloro, bromo, fluoro, iodo, N0 2 , amino, loweralkylamino, or di(loweralkyl)amino; (4) R 7 
and R {) are independently hydrogen, OR 2 , alkyl (including lower alkyl), alkenyl, alkynyl, Br- 
10 vinyl, O-alkenyl, chlorine, bromine, iodine, N0 2 , amino, loweralkylamino, or 

di(loweralkyl)amino; (5) R 8 is H; and (6) X is O. 

In an eighth preferred subembodiment, a compound of Formula XVIII, or its 
pharmaceutically acceptable salt or prodrug, is provided in which: (1) Base is a purine or 
pyrimidine base as defined herein; (2) R 1 is independently H or phosphate; (3) R 6 is alkyl 
15 (including lower alkyl), alkenyl, alkynyl, Br-vinyl, hydroxy, O-alkyl, O-alkenyl, chloro, 

bromo, fluoro, iodo, N0 2 , amino, loweralkylamino or di(loweralkyl)amino; (4) R 7 and R 9 are 
independently OR 2 ; (5) R 8 is H; and (6) X is O, S, S0 2 or CH 2 . 

In a ninth preferred subembodiment, a compound of Formula XVIII, or its 
pharmaceutically acceptable salt or prodrug, is provided in which: (1) Base is a purine or 
20 pyrimidine base as defined herein; (2) R 1 is independently H or phosphate; (3) R 6 is alkyl; (4) 

R 7 and R g are independently OR 2 ; (5) R 8 is H; and (6) X is O, S, S0 2 , or CH 2 . 

In a tenth preferred subembodiment, a compound of Formula XVIII, or its 
pharmaceutically acceptable salt or prodrug, is provided in which: (1) Base is a purine or 
pyrimidine base as defined herein; (2) R 1 is independently H or phosphate; (3) R° is alkyl; (4) 
25 R 7 and R° arc independently OR 2 ; (5) R 8 is H; and (6) X is O. 

In even more preferred subembodiments, a compound of Formula XVIII, or its 
pharmaceutically acceptable salt or prodrug, is provided in which: 

{ 1 ) Base is adenine; (2) R 1 is hydrogen: (3) R (1 is methyl; (4) R and R 9 are hydroxyl; 



(5) \V is hydrogen; and (M X is O; 



(1 ) Base is cytosinc: (2) R 1 is hydrogen; (3) R'' is methyl; (4) R and R are hydroxyl; 
(5) R s is hydrogen; and (6) X is O; 

(1) Base is thymine; (2) R 1 is hydrogen; (3) is methyl; (4) R and R 9 are hydroxyl; 
(5) R s is hydrogen; and (6) X is O; 
5 ( 1 ) Base is uracil; (2) R 1 is hydrogen; (3) R fl is methyl; (4) R^ and R 9 are hydroxyl; (5) 

R s is hydrogen; and (6) X is O; 

(1) Base is adenine; (2) R 1 is phosphate; (3) R 6 is methyl; (4) R 7 and R 9 are hydroxyl; 
(5) R 8 is hydrogen; and (6) X is O; 

(1) Base is adenine; (2) R 1 is hydrogen; (3) R 6 is ethyl; (4) R 7 and R 9 are hydroxyl; (5) 
10 R 8 is hydrogen; and (6) X is O; 

(1) Base is adenine; (2) R' is hydrogen; (3) R' 1 is propyl; (4) R 1 and R 9 are hydroxy!; 
(5) R 8 is hydrogen; and (6) X is O; 

(1 ) Base is adenine; (2) R 1 is hydrogen; (3) R 6 is butyl; (4) R 7 and R 9 are hydroxyl; (5) 
R 8 is hydrogen; and (6 ) X is O; 
15 (1 ) Base is adenine; (2 ) R 1 is hydrogen; (3) R 6 is methyl; (4) R 7 and R 9 are hydroxyl; 

(5) R 8 is hydrogen; and (6) X is S; 

(1 ) Base is adenine; (2) R 1 is hydrogen; (3) R 6 is methyl; (4) R 7 and R 9 are hydroxyl; 
(5) R 8 is hydrogen; and (6) X is S0 2 ; or 

(1) Base is adenine; (2) R 1 is hydrogen; (3) R 6 is methyl; (4) R 7 and R 9 are hydroxyl; 
20 (5) R 8 is hydrogen; and (6) X is CH 2 . 

The /3-D- and /3-L-nucleosides of this invention belong to a class of anti-flavivirus or 
pestivirus agents that may inhibit flavivirus or pestivirus polymerase activity. Nucleosides 
can be screened for their ability to inhibit Havivirus or pestivirus polymerase activity in vitro 
25 according to screening methods set forth more particularly herein. One can readily determine 

the spectrum of activity by evaluating the compound in the assays described herein or with 
another confirmatory assay. 
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compound's hC). In preferred embodiments the compound exhibits an I;C%n of less than 15 



HCY is a member of the FLiviviridae family; however, now, HCY has been placed in 
a new monotypic genus, hepacivirus. Therefore, in one embodiment, the flavivirus or 
pcstivirus is not HCY. 

The active compound can be administered as any salt or prodrug that upon 
5 administration to the recipient is capable of providing directly or indirectly the parent 

compound, or that exhibits activity itself. Nonhmiting examples are the pharmaceutical^ 
acceptable salts (alternatively referred to as "physiologically acceptable salts"), and a 
compound, which has been alkylated or acylated at the 5'-position, or on the purine or 
pyrimidine base (a type of "pharmaceutically acceptable prodrug"). Further, the 
10 modifications can affect the biological activity of the compound, in some cases increasing the 

activity over the parent compound. This can easily be assessed by preparing the salt or 
prodrug and testing its antiviral activity according to the methods described herein, or other 
methods known to those skilled in the art. 

II. Definitions 

15 The term alkyl, as used herein, unless otherwise specified, refers to a saturated 

straiuht, branched, or cyclic, primary, secondary, or tertiary hydrocarbon of typically Ci to 
Cio, and specifically includes methyl, trifluoromethyl, ethyl, propyl, isopropyl, cyclopropyl, 
butyl, isobutyl, /-butyl, pentyl, cyclopentyl, isopentyl, neopentyl, hexyl, isohexyl, cyclohexyl, 
cyclohexylmethyl, 3-methylpentyl, 2,2-dimethylbutyl, and 2,3-dimethylbutyl. The term 

20 includes both substituted and unsubstituted alkyl groups. Moieties with which the alkyl 

group can be substituted are selected from the group consisting of hydroxyl, amino, 
alkylamino, arylamino, alkoxy, aryloxy, nitro, cyano, sulfonic acid, sulfate, phosphonic acid, 
phosphate, or phosphonate, either unprotected, or protected as necessary, as known to those 
skilled in the art, for example, as taught in Greene, ct al.. Protective Groups in Organic 

25 Synthesis , John Wiley and Sons, Second Edition, 1991, hereby incorporated by reference. 

The term lower alkyl, as used herein, and unless otherwise specified, refers to a Ci to 
C 4 saturated straight, branched, or if appropriate, a cyclic (for example, cyclopropyl) alkyl 

i k, . k .i, i . m ,nivtiiMi t \1 fornix I T nlcss otherwise specifically 



he term alkylamino or arylamino refers to an amino group that has one or two alkyl 



The term "protected" as used herein and unless otherwise defined refers to a group 
that is added to an oxygen, nitrogen, or phosphorus atom to prevent its further reaction or for 
other purposes. A wide variety of oxygen and nitrogen protecting groups arc known to those 
skilled in the art of organic synthesis. 
5 The term aryl, as used herein, and unless otherwise specified, refers to phenyl, 

biphenyl, or naphthyl, and preferably phenyl. The term includes both substituted and 
unsubstituted moieties. The aryl group can be substituted with one or more moieties selected 
from the group consisting of hydroxyl, amino, alkyiamino, arylamino, alkoxy, aryloxy, nitro, 
cyano, sulfonic acid, sulfate, phosphonic acid, phosphate, or phosphonate, either unprotected, 
10 or protected as necessary, as known to those skilled in the art, for example, as taught in 

Greene, et al.. Protective Groups in Organic Synthesis , John Wiley and Sons, Second Edition, 
1991. 

The term alkaryl or alkylaryl refers to an alkyl group with an aryl substituent. The 
term aralkyl or arylalkyl refers to an aryl group with an alkyl substituent. 
15 The term halo, as used herein, includes chloro, bromo, iodo, and fluoro. 

The term purine or pyrimidine base includes, but is not limited to, adenine, N 6 - 
alkylpurines, N 6 -acylpurines (wherein acyl is C(0)(alkyl, aryl, alkylaryl, or arylalkyl), N 6 - 
benzylpurine, N 6 -halopurine, N 6 -vinylpurine, N (, -acetylenic purine, N 6 -acyl purine, 
N 6 -hydroxyalkyl purine, N h -thioalkyl purine, N 2 -alkylpurines, N 2 -alkyl-6-thiopurines, 
thymine, cytosine, 5-fluorocytosine, 5-methylcytosine, 6-azapyrimidine, including 6- 
azacytosine, 2- and/or 4-mercaptopyrmidine, uracil, 5-halouracil, including 5-fluorouracil, 
C 5 -alkylpyrimidines, C 5 -benzylpyrimidines, C 5 -halopyrimidines, C 5 -vinylpyrimidine, C 5 - 
acetylenic pvrimidinc, C 5 -acyl pyrimidine, C'-hydroxyalkyl purine. C'-amidopyrimidine, C- 
cyanopyrimidine. C ? -nitropynmidine. C ? -aminopyrimidine, N 2 -alkylpurines, N'-alkyl-6- 
thiopurines, 5-azacytidinyl. 5-a/auracilyl, triazolopyridinyl, imidazolopyridinyl, 
pyrrolopyrimidinyl. and pyrazolo-pyrimidinyl. Purine bases include, but are not limited to, 
guanine, adenine, hypoxanthine. 2.6-diaminopurinc. and 6-chloropunne. Functional oxygen 
and nitrogen groups on the base can be protected as necessary or desired. Suitable protecting 
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croups such as acet\l and propion>i. methanoul lon\ 1. and p -lol uencsui lon\ 1. Alternative!}, 
the purine or pyrimidine base can optionally substituted such that it forms a viable prodrug. 



which can be cleaved in vivo. Examples of appropriate substituents include acyl moiety, an 
amine or cyclopropyl (e.g., 2-amino. 2,6-diamino or cyclopropyl guanosine). 

The term acvl refers to a carboxylic acid ester in w hich the non-carbonyl moiety of 
the ester uroup is selected from straight, branched, or cyclic alkyl or lower alkyl alkoxyalkyl 
5 including methoxymethyl aralkyl including benzyl, aryloxyalkyl such as phenoxymethyl, 

aryl including phenyl optionally substituted with halogen, C\ to C 4 alkyl or Ci to C 4 alkoxy, 
sulfonate esters such as alkyl or aralkyl sulphonyl including mcthanesulfonyl, the mono, di or 
triphosphate ester, trityl or monomethoxytrityl, substituted benzyl, trialkylsilyl (e.g. dimethyl- 
t-butylsilyl) or diphenylmethylsilyl. Aryl groups in the esters optimally comprise a phenyl 
10 uroup. The term "lower acyf refers to an acyl group in which the non-carbonyl moiety is 

lower alkyl. 

As used herein, the term "substantially free of or "substantially in the absence of 
refers to a nucleoside composition that includes at least 85 or 90% by weight, preferably 95% 
to 98 % by weight, and even more preferably 99% to 100% by weight, of the designated 

15 enantiomer of that nucleoside. In a preferred embodiment, in the methods and compounds of 

this invention, the compounds are substantially free of enantiomers. 

Similarly, the term "isolated" refers to a nucleoside composition that includes at least 
85 or 90% by weight, preferably 95% to 98 % by weight, and even more preferably 99% to 
100% by weight, of the nucleoside, the remainder comprising other chemical species or 

20 enantiomers. 

The term "independently" is used herein to indicate that the variable, which is 
independently applied, varies independently from application to application. Thus, in a 
compound such as R"XYR/\ wherein R" is "independently carbon or nitrogen," both R" can 
be carbon, both R" can be nitrogen, or one R" can be carbon and the other R" nitrogen. 

25 The term host, as used herein, refers to an unicellular or multicellular organism in 

which the virus can replicate, including cell lines and animals, and preferably a human. 
Alternatively, the host can be carrying a part of the flavivirus or pestivirus genome, whose 
replication or function can be altered by the compounds of the present invention. The term 



In most animal applications of the present invention, the host is a human patient. Veterinary 
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applications, in certain indications, how ever, are clearly anticipated by the present invention 
(such as chimpanzees). 

The term "pharmaceutically acceptable salt or prodrug" is used throughout the 
specification to describe any pharmaceutically acceptable form (such as an ester, phosphate 
ester, salt of an ester or a related group) of a nucleoside compound which, upon 
administration to a patient, provides the nucleoside compound. Pharmaceutically acceptable 
salts include those derived from pharmaceutically acceptable inorganic or organic bases and 
acids. Suitable salts include those derived from alkali metals such as potassium and sodium, 
alkaline earth metals such as calcium and magnesium, among numerous other acids well 
known in the pharmaceutical art. Pharmaceutically acceptable prodrugs refer to a compound 
that is metabolized, for example hydrolyzed or oxidized, in the host to form the compound of 
the present invention. Typical examples of prodrugs include compounds that have 
biologically labile protecting groups on a functional moiety of the active compound. 
Prodrugs include compounds that can be oxidized, reduced, animated, deaminated, 
hydroxylated, dehydroxylated, hydrolyzed, dehydrolyzed, alkylated, dealkylated, acylated, 
deacylated, phosphorylated, dephosphorylated to produce the active compound. The 
compounds of this invention possess antiviral activity against flavivirus or pestivirus, or are 
metabolized to a compound that exhibits such activity. 



HI. Nucleotide Salt or Prodrug Formulations 

20 In cases where compounds are sufficiently basic or acidic to form stable nontoxic acid 

or base salts, administration of the compound as a pharmaceutically acceptable salt may be 
appropriate. Examples of pharmaceutically acceptable salts are organic acid addition salts 
formed with acids, which form a physiological acceptable anion, for example, tosylate, 
mcthancsulfonate, acetate, citrate, malonate, tartarate, succinate, benzoate, ascorbate, a- 

25 ketoglutarate, and a-glycerophosphate. Suitable inorganic salts may also be formed, 

including, sulfate, nitrate, bicarbonate, and carbonate salts. 



sodium, potassium or lithium) or alkaline earth metal (for example calcium) salts of 



Any of the nucleosides described herein can be administered as a nucleotide prodrug 
to increase the activity, bioavailability, stability or otherwise alter the properties of the 
nucleoside. A number of nucleotide prodrug ligands are known. In general, alkylation, 
acylation or other lipophilic modification of the mono, di or triphosphate of the nucleoside 
5 will increase the stability of the nucleotide. Examples of substituent groups that can replace 

one or more hydrogens on the phosphate moiety are alkyl, aryl, steroids, carbohydrates, 
including sugars, 1 ,2-diacylglycerol and alcohols. Many are described in R. Jones and N. 
Bischofberger, Antiviral Research, 27 (1995) 1-17. Any of these can be used in combination 
with the disclosed nucleosides to achieve a desired effect. 

10 The active nucleoside can also be provided as a S'-phosphoether lipid or a 5'-ether 

lipid, as disclosed in the following references, which are incorporated by reference herein: 
Kucera, L.S., N. Iyer, E. Leake, A. Rabcn, Modest E.K., D.L.W., and C. Piantadosi, "Novel 
membrane-interactive ether lipid analogs that inhibit infectious HIV-1 production and induce 
defective virus formation;' AIDS Res. Hum. Retro Viruses, 1990, 6, 491-501; Piantadosi, C, 

15 J. Marasco C.J., S.L. Morns-Natschke, K.L. Meyer, F. Gumus, J.R. Surles, K.S. Ishaq, L.S. 

Kucera, N. Iyer, C.A. Wallen, S. Piantadosi, and E.J. Modest, "Synthesis and evaluation of 
novel ether lipid nucleoside conjugates for anti-HIV activity;' J. Med. Chem., 1991, 34, 
1408-1414; Hosteller, K.Y., D.D. Richman, D.A. Carson, L.M. Stuhmiller, G.M. T. van 
Wijk, and H. van den Bosch, "Greatly enhanced inhibition of human immunodeficiency virus 

20 type 1 replication in CEM and HT4-6C cells by 3'-deoxythymidine diphosphate 

dimyristoylglycerol, a lipid prodrug of 3,-deoxythymidine," Antimicrob. Agents Chemother., 
1992, 36, 2025-2029; Hosetler, K.Y., L.M. Stuhmiller, H.B. Lenting, H. van den Bosch, and 
D.D. Richman, "Synthesis and antiretroviral activity of phospholipid analogs of 
azidothymidine and other antiviral nucleosides." ./. Biol. Chem., 1990, 265, 61 127. 

25 Nonlimiting examples of U.S. patents that disclose suitable lipophilic substituents that 

can be covalently incorporated into the nucleoside, preferably at the 5'-OH position of the 
nucleoside or lipophilic preparations, include U.S. Patent Nos. 5,149,794 (Sep. 22, 1992, 
Yatvin ct al.); 5.194,654 (Mar. 16, 1993, Hostetler et aU 5,223,263 (June 29, 1993, Hostetler 
et al ): 5.256.641 (Oct 26. 1993. Yatvin ct al.); 5.411.947 (May 2. 1995, Hostetler et al.): 

1996; Basava et al.), all of which arc incorporated herein by reference, foreign patent 
applications thai disclose lipophilic substituents that can be attached to the nucleosides of the 
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present invention- or lipophilic preparations, include WO 89.02733, WO 90/00555, WO 
91 16920, WO 91 18914, W0 93/00910, W0 94 26273, WO 96 15132, EP 0 350 287, EP 
93917054.4, and WO 91/19721. 

IV. Combination and Alternation Therapy 

It has been recognized that drug-resistant variants of viruses can emerge after 
prolonged treatment with an antiviral agent. Drug resistance most typically occurs by 
mutation of a gene that encodes for an enzyme used in viral replication. The efficacy of a 
drug against flavivirus or pestivirus infection can be prolonged, augmented, or restored by 
administering the compound in combination or alternation with a second, and perhaps third, 
antiviral compound that induces a different mutation from that caused by the principle drug. 
Alternatively, the pharmacokinetics, biodistribution or other parameter of the drug can be 
altered by such combination or alternation therapy. In general, combination therapy is 
typically preferred over alternation therapy because it induces multiple simultaneous stresses 
on the virus. 

Nonlimiting examples of antiviral agents that can be used in combination or 
alternation with the compounds disclosed herein include: 

(1) an interferon and/or ribavirin (Battaglia, A.M. et al, Ann. Pharmacother. 34:487- 
494, 2000); Berenguer, M. et al Antivir. Ther. 3(Suppl. 3): 125-1 36, 1998); 

(2) Substrate-based NS3 protease inhibitors (Attwood et al, Antiviral peptide 
derivatives, PCT WO 98/22496, 1998; Attwood et al, Antiviral Chemistry and 
Chemotherapy 10.259-273, 1999; Attwood et al. Preparation and use of amino aeid 
derivatives as anti-viral agents, German Patent Publication DE 19914474; Tung et al 
Inhibitors of serine proteases, particularly hepatitis C virus NS3 protease. PCT WO 
98/17679), including alphaketoamides and hydrazinoureas, and inhibitors that terminate in an 
electrophile such as a boronic acid or phosphonatc. Llinas-Brunet et al, Hepatitis C inhibitor 
peptide analogues, PCT WO 99 07734. 

o4~. \ { ) K )~. Sudo K. it iit. .\nti\u\ii ( i\emiMr\ ana (. m< >l ncrap\ ( MM\ ! V' l >M. including 



RD3-40S2 and RD3-407S, the former substituted on the amide with a 14 carbon chain and the 
latter processing a />c//-</-phenox\phcnyl group; 

(4) Thia/olidine derivatives which show relevant inhibition in a reverse-phase HPLC 
assay with an NS3.4A fusion protein and NS5A..5B substrate (Sudo K. et ai. Antiviral 

5 Research 32:9-18, 1996), especially compound RD-1-6250, possessing a fused cinnamoyl 

moiety substituted with a long alkyl chain, RD4 6205 and RD4 6193; 

(5) Thiazolidines and benzanilides identified in Kakiuchi N. et al. J. BBS Letters 
421 :2 17-220; Takeshita N. ct al. Analytical Biochemistry 247:242-246, 1997; 

(6) A phenan-threnequinone possessing activity against protease in a SDS-PAGE and 
10 autoradiography assay isolated from the fermentation culture broth of Streptomyces sp., Sch 

68631 (Chu M. et ai., 1 etranearon Letters j / . / ^ v- / uw, ateu 

from the fungus Penicillium griscofuluwn, which demonstrates activity in a scintillation 
proximity assay (Chu M. ct al, Bioorganic and Medicinal Chemistry Letters 9: 1949-1952); 

(7) Selective NS3 inhibitors based on the macromolecule elgin c, isolated from leech 
15 (Qasim M.A. et ai, Biochemistry 36:1598-1607, 1997); 

(8) Helicase inhibitors (Diana G.D. et ai, Compounds, compositions and methods for 
treatment of hepatitis C, U.S. Patent No. 5,633,358; Diana G.D. et al, Piperidine derivatives, 
pharmaceutical compositions thereof and their use in the treatment of hepatitis C, PCT WO 
97/36554); 

2() (9) Polymerase inhibitors such as nucleotide analogues, gliotoxin (Ferrari R. et al 

Journal of Virology 73:1649-1654, 1999), and the natural product cerulenin (Lohmann V. et 
ai. Virology 249:108-1 18, 1998): 

(10) Antisense phosphorothioate oligodeoxynucleotides (S-ODN) complementary to 
sequence stretches in the 5' non-coding region (NCR) of the virus (Alt M. ct al., Hepatology 

25 22:707-717, 1995), or nucleotides 326-348 comprising the y end of the NCR and nucleotides 

371-388 located in the core coding region of the IICV RNA (Alt M. et al, Archives of 
Virology 142:589-599, 1997; Galdensi LJ. ct al.. Journal of Cellular Physiology 181 :25 1-257, 



and treatment <>j hepatitis ( . Japanese Patent Publication J P-< >N20NN9( ). Kai Y. ct 
Preventirm and treatment of viral diseases. Japanese Patent Publication J P- 1 0 1 0 1 59 1); 
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(12) Nuclease-resistant ribo/ymcs. (Maccjak D.J. ct al.. Hcpatologr 30 abstract 995, 
1999); and 

(13) Other miscellaneous compounds including 1 -amino-alkylcyclohexanes (U.S. 
Patent No. 6.034.134 to Gold ct al.). alkyl lipids (U.S. Patent No. 5.922.757 to Chojkier et 
al). vitamin E and other antioxidants (U.S. Patent No. 5,922,757 to Chojkier ct al.). 
squalene. amantadine, bile acids (U.S. Patent No. 5,846,964 to Ozeki et al.), N- 
(phosphonoacetyl)-L-aspartic acid, (U.S. Patent No. 5,830,905 to Diana et al.), 
benzenedicarboxamides (U.S. Patent No. 5,633,388 to Diana et al.), polyadenylic acid 
derivatives (U.S. Patent No. 5,496,546 to Wang et al.), 2',3'-dideoxyinosine (U.S. Patent No. 
5,026,687 to Yarchoan et al.), and benzimidazoles (U.S. Patent No. 5,891,874 to Colacino et 
al). 



V. Pharmaceutical Compositions 

Host, including humans, infected with flavivirus or pestivirus, or a gene fragment 
thereof can be treated by administering to the patient an effective amount of the active 
15 compound or a pharmaceutical^ acceptable prodrug or salt thereof in the presence of a 

pharmaceutical^ acceptable carrier or diluent. The active materials can be administered by 
any appropriate route, for example, orally, parenterally, intravenously, intradermally, 
subcutancously, or topically, in liquid or solid form. 

A preferred dose of the compound for flavivirus or pestivirus infection will be in the 
20 range from about 1 to 50 mg/kg, preferably 1 to 20 mg/kg, of body weight per day, more 

ucncrallv 0.1 to about 100 mg per kilogram body weight of the recipient per day. The 
effective dosage range of the phannaceutically acceptable salts and prodrugs can be 
calculated based on the weight of the parent nucleoside to be delivered. If the salt or prodrug 
exhibits activity in itself, the effective dosage can be estimated as above using the weight of 
25 the salt or prodrug, or by other means known to those skilled in the art. 

The compound is conveniently administered in unit any suitable dosage form. 
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liM. This mav be achieved, for example, by the intravenous injection of a 0.1 to 5% solution 
of the active ingredient, optionally in saline, or administered as a bolus of the active 
ingredient. 

The concentration of active compound in the drug composition will depend on 
5 absorption, inactivation, and excretion rates of the drug as well as other factors known to 

those of skill in the art. It is to be noted that dosage values w ill also vary with the severity of 
the condition to be alleviated. It is to be further understood that for any particular subject, 
specific dosage regimens should be adjusted over time according to the individual need and 
the professional judgment of the person administering or supervising the administration of the 

10 compositions, and that the concentration ranges set forth herein are exemplary only and are 

not intended to limit the scope or practice of the claimed composition. The active ingredient 
may be administered at once, or may be divided into a number of smaller doses to be 
administered at varying intervals of time. 

A preferred mode of administration of the active compound is oral. Oral 

15 compositions will generally include an inert diluent or an edible carrier. They may be 

enclosed in gelatin capsules or compressed into tablets. For the purpose of oral therapeutic 
administration, the active compound can be incorporated with excipients and used in the form 
of tablets, troches or capsules. Pharmaceutically compatible binding agents, and/or adjuvant 
materials can be included as part of the composition. 

20 The tablets, pills, capsules, troches and the like can contain any of the following 

ingredients, or compounds of a similar nature: a binder such as microcrystalline cellulose, 
gum tragacanth or gelatin; an excipient such as starch or lactose, a disintegrating agent such 
as alginic acid, Primogel, or com starch; a lubricant such as magnesium stearate or Sterotes; a 
didant such as colloidal silicon dioxide; a sweetening agent such as sucrose or saccharin; or a 

25 flavoring agent such as peppermint, methyl salicylate, or orange flavoring. When the dosage 

unit form is a capsule, it can contain, in addition to material of the above type, a liquid carrier 
such as a fatty oil. In addition, dosage unit forms can contain various other materials which 
modify the phvsical form of the dosage unit, for example, coatings of sugar, shellac, or other 

wafer, chcwiim mini or the iik^. A >>rup ma> contain, m addition to inc aciiw ^ oi i ipouiui.>. 
sucrose as a sweetening agent and certain preservatives, dyes and colorings and flavors. 




The compound or a pharmaccutically acceptable prodrug or salts thereof can also be 
mixed with other active materials that do not impair the desired action, or with materials that 
supplement the desired action, such as antibiotics, antifungals, anti-inflammatories, or other 
antivirals, including other nucleoside compounds. Solutions or suspensions used for 
5 parenteral, intradermal, subcutaneous, or topical application can include the following 

components: a sterile diluent such as water for injection, saline solution, fixed oils, 
polyethylene glycols, glycerine, propylene glycol or other synthetic solvents; antibacterial 
agents such as benzyl alcohol or methyl parabens; antioxidants such as ascorbic acid or 
sodium bisulfite; chelating agents such as ethylenediaminetetraacetic acid; buffers such as 
10 acetates, citrates or phosphates and agents for the adjustment of tonicity such as sodium 

chloride or dextrose. The parental preparation can be enclosed in ampoules, disposable 
syringes or multiple dose vials made of glass or plastic. 

If administered intravenously, preferred carriers are physiological saline or phosphate 
buffered saline (PBS). 

15 In a preferred embodiment, the active compounds are prepared with carriers that will 

protect the compound against rapid elimination from the body, such as a controlled release 
formulation, including implants and microencapsulated delivery systems. Biodegradable, 
biocompatible polymers can be used, such as ethylene vinyl acetate, polyanhydrides, 
polyglycolic acid, collagen, polyorthoesters and polylactic acid. Methods for preparation of 

20 such formulations will be apparent to those skilled in the art. The materials can also be 

obtained commercially from Alza Corporation. 

Liposomal suspensions (including liposomes targeted to infected cells with 
monoclonal antibodies to viral antigens) are also preferred as pharmaceutically acceptable 
carriers. These mav be prepared according to methods known to those skilled in the art, for 
25 example, as described in U.S. Patent No. 4,522,811 (which is incorporated herein by 

reference in its entirety). For example, liposome formulations may be prepared by dissolving 
appropriate lipid(s) (such as stearoyl phosphatidyl ethanolamine, stearoyl phosphatidyl 
choline, arachadoyl phosphatidyl choline, and cholesterol) in an inorganic solvent that is then 
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by hand to free lipid material from the sides of the container and to disperse lipid aggregates. 
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VI. Processes for the Preparation of Active Compounds 

The nucleosides of the present invention can be synthesized by any means known in 
the art. In particular, the synthesis of the present nucleosides can be achieved by either 
alkylating the appropriately modified sugar, followed by glycosylation or glycosylate 
followed by alkylation of the nucleoside. The following non-limiting embodiments illustrate 
some general methodology to obtain the nucleosides of the present invention. 



General Synthesis of 1 '-C-Branched Nucleosides 



l'-C-Branched ribonucleosides of the following structure: 

BASE 



R 

7 



R v R' 

wherein BASE is a purine or pyrimidine base as defined herein; 

R 7 and R 9 are independently hydrogen, OR 2 , hydroxy, alkyl (including lower alkyl), azido, 
cyano, alkenyl, alkynyl, Br-vmyl, -C(0)0(alkyl), -C(0)0(lower alkyl), -O(acyl), -0(lower 
acyl), -O(alkyl), -0(lower alkyl), -O(alkenyl), chlorine, bromine, iodine, N0 2 , NH 2 , 
15 -NH(lower alkyl), -NH(acyl), -N(lower alkyl) 2 , -N(acyl) 2 ; 

R 8 and R 10 are independently H, alkyl (including lower alkyl), chlorine, bromine or iodine; 
alternatively, R 7 and R 9 , R 7 and R 10 , R H and R 9 , or R 8 and R 10 can come together to form a pi 
bond; 

R 1 and R : are independently II; phosphate (including monophosphate, diphosphate, 
20 triphosphate, or a stabilized phosphate prodrug); acyl (including lower acyl); alkyl (including 

lower alkyl); sulfonate ester including alkyl or arylalkyl sulfonyl including methanesulfonyl 
and benzyl, wherein the phenyl group is optionally substituted with one or more substituents 

w j,^r;v,,>j in the definition of arvl uiven herein; a lipid, including a phospholipid; an amino 



independently II or phosphate; 



ii i f ; . ■ ,n v m- -in,! 



# 



XisO, S,SO : or CH : 

can be prepared by one of the following general methods. 

1) Modification from the lactone 

The key starting material for this process is an appropriately substituted lactone. The 
lactone can be purchased or can be prepared by any known means including standard 
epimerization, substitution and cyclization techniques. The lactone can be optionally 
protected with a suitable protecting group, preferably with an acyl or silyl group, by methods 
well known to those skilled in the art, as taught by Greene et al Protective G roups in Organic 
Synthesis , John Wiley and Sons, Second Edition, 1991. The protected lactone can then be 
coupled with a suitable coupling agent, such as an organometallic carbon nucleophile, such as 
a Grignard reagent, an organolithium, lithium dialkylcopper or R 6 -SiMe 3 in TBAF with the 
appropriate non-protic solvent at a suitable temperature, to give the 1 '-alkylated sugar. 

The optionally activated sugar can then be coupled to the BASE by methods well 
known to those skilled in the art, as taught by Townsend Chemistry of Nucleosides and 
Nucleotides , Plenum Press, 1994. For example, an acylated sugar can be coupled to a 
silylated base with a lewis acid, such as tin tetrachloride, titanium tetrachloride or 
trimethylsilyltriflate in the appropriate solvent at a suitable temperature. 

Subsequently, the nucleoside can be deprotected by methods well known to those 
skilled in the art, as taught by Greene et al. Protective Groups in Organic Synthesis , John 
Wiley and Sons, Second Edition, 1991 . 

In a particular embodiment, the T-C-branched nbonucleoside is desired. The 
synthesis of a nbonucleoside is shown in Scheme 1. Alternatively, deoxyribo-nucleosidc is 
desired. To obtain these nucleosides, the formed nbonucleoside can optionally be protected 
by methods well known to those skilled in the art, as taught by Greene et al. Protective 
Groups in Organic Synthesis , John Wiley and Sons, Second Edition, 1991, and then the V- 
OH can be reduced with a suitable reducing agent. Optionally, the Z'-hydroxyl can be 
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5 2. Alternative method for the preparation of I -branched nucleosides 

The key starting material for this process is an appropriately substituted hexose. The 
hexose can be purchased or can be prepared by any known means including standard 
epimerization (e.g. via alkaline treatment), substitution and coupling techniques. The hexose 
can be selectively protected to give the appropriate hcxa-furanosc, as taught by Townsend 
10 Chemistry of Nucleosides and Nucleotides , Plenum Press, 1994. 

The r-hydroxyl can be optionally activated to a suitable leaving group such as an 
acyl group or a halogen via acylation or halogenation, respectively. The optionally activated 
simar can then be coupled to the BASE by methods well known to those skilled in the art, as 
,i . u -r .,..,,,1 rii.MiiiMrv of Nucleosides and Nucleotides. Plenum Press. 1994. For 

suitable temperature. Alternatively, a halo-sugar can be coupled to a silylated base with the 

........ . r 1 .... :i < Ur-; n : ,t.. 



The r-CH-OH, if protected, can be selectively deprotected by methods well known 
in the art. The resultant primary hydroxyl can be functionalizcd to yield various C-branched 
nucleosides. For example, the primary hydroxyl can be reduced to give the methyl, using a 
suitable reducing agent. Alternatively, the hydroxyl can be activated prior to reduction to 
facilitate the reaction; i.e. via the Barton reduction. In an alternate embodiment, the primary 
hydroxyl can be oxidized to the aldehyde, then coupled with a carbon nucleophile, such as a 
Grignard reagent, an organolithium, lithium dialkylcopper or R 6 -SiMe ? in TBAF with the 
appropriate non-protic solvent at a suitable temperature. 

In a particular embodiment, the r -C-branched ribonucleoside is desired. The 
synthesis of a ribonucleoside is shown in Scheme 2. Alternatively, deoxyribo-nucleoside is 
desired. Tn obtain these nucleosides, the formed ribonucleoside can optionally be protected 
by methods well known to those skilled in the art, as taught by Greene et al Protective 
Groups in Or g anic Synthesis , John Wiley and Sons, Second Edition, 1991, and then the T- 
OH can be reduced with a suitable reducing agent. Optionally, the 2'-hydroxyl can be 
activated to facilitate reduction; i.e. via the Barton reduction. 
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In addition, the L-enantiomers corresponding to the compounds of the invention can 
be prepared following the same general methods (1 or 2), beginning with the corresponding 



# 



# 



B. General Synthesis of 2*-C-Branched Nucleosides 



Z'-C-Branched ribonuclcosidcs of the following structure: 



BASH 



R'O- 




wherein BASE is a purine or pyrimidine base as defined herein; 

R 7 and R 9 are independently hydrogen, OR 2 , hydroxy, alkyl (including lower alkyl), azido, 
cyano, alkenyl, alkynyl, Br-vinyl, -C(0)0(alkyl), -C(0)0(lower alkyl), -O(acyl), -0(lower 
acyl), -O(alkyl), -0(Iower alkyl), -0(a!keny!), chlorine, bromine, iodine, NO?, NH?, 
-NH(lower alkyl), -NH(acyl), -N(lower alkyl) 2 , -N(acyl) 2 ; 

R 10 is H, alkyl (including lower alkyl), chlorine, bromine or iodine; 

alternatively, R 7 and R 9 , or R 7 and R 10 can come together to form a pi bond; 

R 1 and R 2 are independently H; phosphate (including monophosphate, diphosphate, 
triphosphate, or a stabilized phosphate prodrug); acyl (including lower acyl); alkyl (including 
lower alkyl); sulfonate ester including alkyl or arylalkyl sulfonyl including methanesulfonyl 
and benzyl, wherein the phenyl group is optionally substituted with one or more substituents 
as described in the definition of aryl given herein; a lipid, including a phospholipid; an amino 
acid; a carbohydrate; a peptide; a cholesterol; or other pharmaceutically acceptable leaving 
group which when administered in vivo is capable of providing a compound wherein R 1 is 
independently H or phosphate; 

R (1 is an alkyl halogeno-alkyl (i.e. CF 3 ), alkenyl or alkynyl (i.e. allyl); and 
XisO, S, SO, orCH 2 

can be prepared by one of the following general methods. 



The kev starting material for this process is an appropriately substituted sugar with a 



# 



haloscn. The sugar can be purchased or can be prepared by any known means including 
standard epimerization, substitution, oxidation and reduction techniques. The substituted 
simar can then be oxidized with the appropriate oxidizing agent in a compatible solvent at a 
suitable temperature to yield the 2 '-modified sugar. Possible oxidizing agents are Jones 
5 reagent (a mixture of chromic acid and sulfuric acid), Collins's reagent (dipyridine Cr(VI) 

oxide, Corey's reagent (pyridinium chlorochromate), pyridinium dichromate, acid 
dichromate, potassium permanganate, Mn0 2 , ruthenium tetroxide, phase transfer catalysts 
such as chromic acid or permanganate supported on a polymer, Cl 2 -pyridine, H 2 0 2 - 
ammonium molybdate, NaBr0 2 -CAN, NaOCl in HOAc, copper chromite, copper oxide, 
10 Raney nickel, palladium acetate, Meerwin-Pondorf-Verley reagent (aluminum /-butoxide 

with another ketone) and jV-bromosuccinimide. 

Then coupling of an organometallic carbon nucleophile, such as a Grignard reagent, 
an organolithium, lithium dialkylcopper or R 6 -SiMe 3 in TBAF with the ketone with the 
appropriate non-protic solvent at a suitable temperature, yields the T -alkylated sugar. The 
15 alkylated sugar can be optionally protected with a suitable protecting group, preferably with 

an acyl or silyl group, by methods well known to those skilled in the art, as taught by Greene 
et al. Protective Groups in Organic Synthesis , John Wiley and Sons, Second Edition, 1991. 

The optionally protected sugar can then be coupled to the BASE by methods well 
known to those skilled in the art, as taught by Townsend Chemistry of Nucleosides and 
20 Nucleotides , Plenum Press, 1994. For example, an acylated sugar can be coupled to a 

silylated base with a lewis acid, such as tin tetrachloride, titanium tetrachloride or 
trimethylsilyltriflate in the appropriate solvent at a suitable temperature. Alternatively, a 
halo-sugar can be coupled to a silylated base with the presence of trimethylsilyltriflate. 

Subsequently, the nucleoside can be deprotected by methods well known to those 
25 skilled in the art, as taught by Greene ct al. Protectiv e Groups in Organic Synthesis. John 

Wiley and Sons, Second Edition, 1991. 

In a particular embodiment, the 2'-C-branched ribonucleoside is desired. The 
synthesis of a ribonucleoside is shown in Scheme 3. Alternatively, deoxyribo-nucleoside is 
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OH can be reduced with a suitable reducing agent. Optionally, the 2 , -hydroxyl can be 
activated to facilitate reduction; i.e. via the Barton reduction. 
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2. Modification of a pre-formed nucleoside 

The key starting material for this process is an appropriately substituted nucleoside 
with a 2'-OH and 2'-H. The nucleoside can be purchased or can be prepared by any known 
means including standard coupling techniques. The nucleoside can be optionally protected 
with suitable protecting groups, preferably with acyl or silyl groups, by methods well known 



The appropriately protected nucleoside can then be oxidized with the appropriate 
oxidizing auent in a compatible solvent at a suitable temperature to yield the 2 , -modified 



sugar. Possible oxidizing agents are Jones reagent (a mixture of chromic acid and sulfuric 
acid), Collinses reagent (dipyridine Cr(VI) oxide, Corey's reagent (pyridinium 
chlorochromate), pyridinium dichromate, acid dichromate, potassium permanganate, MnO : , 
ruthenium tetroxide, phase transfer catalysts such as chromic acid or permanganate supported 
5 on a polymer, Cl 2 -pyridine, H 2 0 2 -ammonium molybdate, NaBrO : -CAN, NaOCl in HOAc, 

copper chromitc, copper oxide, Raney nickel, palladium acetate, Meerwin-Pondorf-Verley 
reagent (aluminum /-butoxide with another ketone) and jV-bromosuccinimide. 

Subsequently, the nucleoside can be deprotected by methods well known to those 
skilled in the art, as taught by GrecneGreene el al. Protective Groups in Organic Synthesis , 

10 John Wiley and Sons, Second Edition, 1991. 

In a particular embodiment, the 2'-C-branrhed ribonucleoside is desired. The 
synthesis of a ribonucleoside is shown in Scheme 4. Alternatively, deoxyribo-nucleoside is 
desired. To obtain these nucleosides, the formed ribonucleoside can optionally be protected 
by methods well known to those skilled in the art, as taught by Greene et al Protective 

15 Groups in Organic Synthesis , John Wiley and Sons, Second Edition, 1991, and then the T- 

OH can be reduced with a suitable reducing agent. Optionally, the 2'-hydroxyl can be 
activated to facilitate reduction; i.e. via the Barton reduction. 
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In another embodiment of the invention, the L-enantiomers are desired. Therefore, 
the L-enantiomers can be corresponding to the compounds of the invention can be prepared 
following the same foregoing general methods, beginning with the corresponding L-sugar or 
nucleoside L-enantiomer as starting material. 
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C. General Synthesis of 3'-C-Branched Nucleosides 

3 , -C-Branched ribonucleosides of the following structure: 

hasp: 



R ' R 



wherein BASE is a purine or pyrimidine base as defined herein; 

R and R Q are independently hydrogen, OR\ hydroxy, alkyl (including lower alkyl), azido, 
cyano, alkenyl, alkynyl, Br-vmyl, -C(0)0(alkyl), -C(0)0(lower alkyl), -O(acyl), -0(lower 
acyl), -O(alkyl), -0(lower alkyl), -O(alkenyl), chlorine, bromine, iodine, N0 2 , NH 2 , 
5 -NH(lower alkyl), -NH(acyl), -N(lower alkyl) 2 , -N(acyl) 2 ; 

R 8 is H, alkyl (including lower alkyl), chlorine, bromine or iodine; 

alternatively, R 7 and R 9 , or R s and R 9 can come together to form a pi bond; 

R 1 and R 2 are independently H; phosphate (including monophosphate, diphosphate, 
triphosphate, or a stabilized phosphate prodrug); acyl (including lower acyl); alkyl (including 

10 lower alkyl); sulfonate ester including alkyl or arylalkyl sulfonyl including methanesulfonyl 

and benzyl, wherein the phenyl group is optionally substituted with one or more substituents 
as described in the definition of aryl given herein; a lipid, including a phospholipid; an amino 
acid; a carbohydrate; a peptide; a cholesterol; or other pharmaceutical^ acceptable leaving 
group which when administered in vivo is capable of providing a compound wherein R 1 is 

1 5 independently H or phosphate; 

R 6 is an alkyl, halogeno-alkyl (i.e. CF 3 ), alkenyl, or alkynyl (i.e. allyl); and 
X is O, S, S0 2 or CH 2 

can be prepared by one of the following general methods. 
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I Glyeosvlation of the nuclcuhasc with an appropriately modified sugar 

The key starting material for this process is an appropriately substituted sugar with a 
3'-OH and 3'-H, with the appropriate leaving group (LG), for example an acyl group or a 
halogen. The sugar can be purchased or can be prepared by any known means including 
standard epimenzation. substitution, oxidation and reduction techniques. The substituted 
sugar can then be oxidized with the appropriate oxidizing agent in a compatible solvent at a 
suitable temperature to yield the 3 '-modified sugar. Possible oxidizing agents are Jones 
reagent (a mixture of chromic acid and sulfuric acid), Collins's reagent (dipyridine Cr(VI) 
oxide, Corey's reagent (pyridinium chlorochromate), pyridinium dichromate, acid 
dichromate, potassium permanganate, Mn0 2 , ruthenium tetroxide, phase transfer catalysts 
such as chromic acid or permanganate supported on a polymer, Cl 2 -pyridine, H 2 0 2 - 
ammonium molybdate, NaBr0 2 -CAN, NaOCl in HOAc, copper chromite, copper oxide, 
Raney nickel, palladium acetate, Meerwin-Pondorf-Verley reagent (aluminum r-butoxide 
with another ketone) and /V-bromosuccinimide. 
15 Then coupling of an organometallic carbon nucleophile, such as a Grignard reagent, 

an organolithium, lithium dialkylcopper or R 6 -SiMe 3 in TBAF with the ketone with the 
appropriate non-protic solvent at a suitable temperature, yields the 3'-C-branched sugar. The 
3'-C-branched sugar can be optionally protected with a suitable protecting group, preferably 
with an acyl or silyl group, by methods well known to those skilled in the art, as taught by 
20 Greene et al. Protective Groups in Organic Synthesis , John Wiley and Sons, Second Edition, 

1991. 

The optionally protected sugar can then be coupled to the BASE by methods well 
known to those skilled in the art, as taught by Townsend Chemistry of Nucleosides and 
Nucleotides , Plenum Press. 1994. For example, an acylated sugar can be coupled to a 
25 silylated base with a lewis acid, such as tin tetrachloride, titanium tetrachloride or 

trimethylsilyltriflate in the appropriate solvent at a suitable temperature. Alternatively, a 
halo-sugar can be coupled to a silylated base with the presence of trirnethylsilyltriflate. 

Subsequently, the nucleoside can be deprotected by methods well known to those 



In a particular embodiment, the 3"-C-branched nbonucleoside is desired. I lie 
of a ribonucleotide is shown in Scheme 5. Alternatively, deoxyribo-nucleoside is 

(>>. 



desired. To obtain these nucleosides, the formed ribonucleosidc can optionally be protected 
by methods well known to those skilled in the art, as taught by Greene et al. Protective 
Groups in Oruanic Synthesis , John Wiley and Sons, Second Edition, 1991, and then the T- 
OH can be reduced with a suitable reducing agent. Optionally, the 2'-hydroxyl can be 
5 activated to facilitate reduction; i.e. via the Barton reduction. 
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10 2. Modification of a preformed nucleoside 

The key starting material for this process is an appropriately substituted nucleoside 
with a 3'-OH and 3'-H. The nucleoside can be purchased or can be prepared by any known 
means including standard coupling techniques. The nucleoside can be optionally protected 

., . ,;t.,M., nn^t.vtipH .tt-omp^ prpferahlv with acvl or si 1 \1 uroups. bv methods well known 



The appropriately protected nucleoside can then be oxidized with the appropriate 
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suear. Possible oxidizing agents are Jones reagent (a mixture of chromic acid and sulfuric 
acid), Collins^ reagent (dipyridinc Cr(VI) oxide, Corey's reagent (pyridinium 
chlorochromatc), pyridinium dichromatc, acid dichromate, potassium permanganate, Mn0 2 , 
ruthenium tetroxide, phase transfer catalysts such as chromic acid or permanganate supported 
on a polymer, Cl 2 -pyridine, H : 0 2 -ammonium molybdate, NaBr0 2 -CAN, NaOCl in HOAc, 
copper chromite, copper oxide, Raney nickel, palladium acetate, Meerwin-Pondorf-Verley 
reagent (aluminum /-butoxide with another ketone) and iV-bromosuccinimide. 

Subsequently, the nucleoside can be deprotected by methods well known to those 
skilled in the art, as taught by Greene et ai Protective G roups in Organic Synthesis, John 
Wiley and Sons, Second Edition, 1991. 

In a narticular embodiment the 3'-C-branched ribonucleoside is desired. The 
synthesis of a ribonucleoside is shown in Scheme 6. Alternatively, deoxyribo-nucleoside is 
desired. To obtain these nucleosides, the formed ribonucleoside can optionally be protected 
by methods well known to those skilled in the art, as taught by Greene et al Protective 
Groups in Organic Synthesis , John Wiley and Sons, Second Edition, 1991, and then the 2'- 
OH can be reduced with a suitable reducing agent. Optionally, the 2 , -hydroxyl can be 
activated to facilitate reduction; i.e. via the Barton reduction. 

Scheme 6 
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In another embodiment of the invention, the L-enantiomcrs are desired. Therefore, 
the L-enantiomers can be corresponding to the compounds of the invention can be prepared 
following the same foregoing general methods, beginning with the corresponding L-sugar or 
nucleoside L-enantiomcr as starting material. 
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Example 1: Preparation of r-C-methvlrihoadenine via 6-amino-9-(l -deoxv-g-D- 
psicofuranosvDpurine 

The title compound could also be prepared according to a published procedure (J. 
Farkas, and F. Sorm, "Nucleic acid components and their analogues. XCIV. Synthesis of 6- 
amino-9-(l-dcoxy-P-D-psicofuranosyl)purine" Collect. Czech. Chem. Commun. 1967, 32, 
2663-2667; J. Farkas", Collect. Czech. Chem. Commun. 1966, 31, 1535) (Scheme 7). 
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Br 


NH 2 


NH 2 


H 


H 


H 


Br 


NH 2 


NH-cyclopropyl 


H 


H 


H 


Br 


NH 2 


OH 


H 


H 


H 


Br 


NH 2 


F 


H 


H 


H 


Br 


NH 2 


CI 


H 


H 


H 


NH 2 


NH 2 


NH 2 


n 


H 


H 


NH 2 


NH 2 


NH-cyclopropyl 


H 


H 


H 


NH 2 


NH 2 


OH 


H 
1 1 


H 


H 


NH 2 


NH 2 


F 


H 


H 


H 


NH 2 


NH 2 


CI 


H 


H 


H 


SH 


NH 2 


NH 2 


ri 


H 


H 


SH 


NH 2 


NH-cyclopropyl 


n 


H 


H 


SH 


NH 2 


OH 


T-T 
O 


H 


H 


SH 


NH 2 


F 


1 1 


H 


H 


SH 


NH 2 


CI 


acetyl 


H 


H 


H 


NH 2 


NH 2 


acetyl 


H 


H 


H 


NH 2 


NH-cyclopropyl 


nppf \'l 


H 


H 


H 


NH 2 


OH 


acetyl 


H 


H 


H 


NH 2 


F 


acetyl 


IT 

H 


I T 

H 


IT 

n 


KTT4 
IN M 2 




acetyl 


H 


H 


F 


NH 2 


NH; 


acetvl ! 


H 1 


H 


F 


NH ? 


NH-cyclopropyl 


acetvl 


11 


H 


F 


Nil: 






R 1 

IX 


R 2 


R 3 X 1 


X 2 


Y 


LI 

rl 


tiv^ ^ l y i 


acetyl 


H 


NH 2 


NH 2 


14 

O 


^ L \ 1 


acetyl 


n 


NH 2 


NH-cyclopropyl 


^ 1 

H 


alt Ly 1 


acetyl 


H 
1 1 


NH 2 


OH 


u 


tiUC ly 1 


acetyl 


H 
1 1 


NH 2 


F 


i i 
1 1 


at w Ly 1 


acetyl 


H 


NH 2 


Cl 


acetyl 


r* t v 1 


acetyl 


H 


NH 2 


NH 2 


acetyl 


•m e^t \r] 
a.CCiy 1 


acetyl 


u 
1 1 


NH 2 


NH-cyclopropyl 


acetyl 


acetyl 


acetyl 


n 


NH 2 


OH 


acetyl 


acetyl 


acetyl 


LJ 

Jti 


NH 2 


F 


acetyl 


acetyl 


acetyl 


i j 
1 1 


NH 2 


Cl 


monophosphate 


acetyl 


acetyl 


n 


NH 2 


NH 2 


monophosphate 


acetyl 


acetyl 


ii 


NH 2 


NH-cyclopropyl 


monophosphate 


acetyl 


acetyl 


i i 


NH 2 


OH 


monopnospnaie 


o r* f=»t\/l 
dL ci y 1 


acetyl 


LJ 

n 


NH 2 


F 


monophosphate 


acetyl 


acetyl 


ii 
ii 


NH 2 


Cl 


diphosphate 


acetyl 


acetyl 


n 

n 


NH 2 


NH 2 


diphosphate 


acetyl 


acetyl 


LJ 

n 


NH 2 


NH-cyclopropyl 


diphosphate 


ac etyl 


acetyl 


LJ 

n 


NH 2 


OH 


diphosphate 


acetyl 


acetyl 


n. 


NH 2 


F 


diphosphate 


acetyl 


acetyl 


LT 

n 


NH 2 


Cl 


triphosphate 


acetyl 


acetyl 


LJ 

n 


NH 2 


NH 2 


j triphosphate 


acetyl 


acetyl 


n 


NH 2 

i 


NH-cyclopropyl 


triphosphate 


acetyl 


acetyl 


S H 

! 


NH 2 


OH 


triphosphate 


*i rp t v 1 

U.L tl V 1 


acetyl 


H 


NH 2 


F 


triphosphate 


acetyl 


acetyl 


H 


NH 2 


Cl 


H 


H 


H 


H 


L I 


T__T 

ri 


H 


H 


H 


H 


CI 


H 


T 1 


H 


1 H 


i 

1 H 


n 


NH : 




' H 


" II 


* H 


* Cl 


\ t i - I I 1 C \\ \ \ ! 

* NH -ethyl 



M 




R 1 


R- 




"R 3 


X 1 


X 1 


Y 


H 


H 


H 


H 


CI 


NH-acctyl 


H 


H 


H 


H 


CI 


OH 


II 


H 


H 


H 


CI 


OMe 


H 


H 


H 


H 


CI 


OEt 


H 


H 


H 


H 


CI 


O-cyclopropyl 


H 


H 


H 


H 


CI 


O-acetyl 


H 


H 


H 


H 


CI 


SH 


H 


H 


H 


H 


CI 


SMe 


H 


H 


H 


H 


CI 


SEt 


H 


H 


H 


H 


CI 


S-cyclopropyl 


monoohosohatc 


H 


H 


H 


CI 


NH 2 


monophosphate 


H 


H 


H 


CI 


NH-acetyl 


monophosphate 


H 


H 


H 


CI 


NH-cyclopropyl 


monophosphate 


H 


H 


H 


CI 


NH-methyl 


monophosphate 


H 


H 


H 


CI 


NH-ethyl 


monophosphate 


H 


H 


H 


CI 


OH 


monophosphate 


H 


H 


H 


CI 


O-acetyl 


monoohosnhate 

111 1 1 v L/ 1 IV fcJ I-' 1 * *- w 


H 


H 


H 


CI 


OMe 


monophosphate 


H 


H 


H 


CI 


OEt 


monophosphate 


H 


H 


H 


CI 


O-cyclopropyl 


monophosphate 


H 


H 


H 


CI 


SH 


monophosphate 


H 


H 


H 


CI 


SMe 


monophosphate 


H 




H 


H 


CI 


SEt 


monophosphate 


H 




H 


H 


CI 


S-cyclopropyl 


diphosphate 


H 


H 


H 


CI 


NH 2 


diphosphate 


H 


TJ 
I 1 


TJ 
I 1 


V 1 


IN I 1 dtLl V I 


diphosphate 


H 




H 


H 


CI 


NH-cyclopropyl 


i 

diphosphate 


H 




H 


H 


CI 


NH-methyl 


"nh, uni) i * 

■ i 1 1 r 

diphosphate 


H 




H 


11 


CI 


O-acetyl 



R 1 


R 2 


R 3 X' 


X 2 


Y 


dmhn^nhatp 

VllLJllWoLJlltil.^- 


H 


H 


H 


CI 


OMe 


H i nho^nhnt c 


H 


H 


H 


CI 


OEt 


Hinhosnh ate 


H 


H 


H 


CI 


O-cyclopropyl 


dinhosnhate 


H 


H 


H 


CI 


SH 


dinhosnhate 


H 


H 


H 


CI 


SMe 


dinhosnhate 


H 


H 


H 


CI 


SEt 


rf i nil n h a t p 


H 


H 
1 1 


H 
1 1 


CI 


S-cyclopropyl 


tri n Vi n 'snVi ,1 1 p 

11 1U1IV_JZ>L J '11CILL< 


H 


H 
ii 


H 


CI 


NH 2 


trinVin^nhatP 

Ll 1 VJ 1 IUD VJ 1 Id L^- 


H 


H 


H 


CI 


NH-acetyl 


trinhosnhatp 


H 


1 1 


H 


CI 


NH-cyclopropyl 


trinho^nh^tp 

Ll ILJllWolJllClL^, 


H 


u 

n 


H 


CI 


NH-methyl 


trinhn<;nhatp 


H 


1 1 


H 


CI 


NH-ethyl 


trinlin^nVi^tP 

11 1 LJl lUo LJl ICllv^ 


H 


ii 


H 


CI 


OH 


t n t\ Vt r\ c r\ Vi n t p 

ll 1 Ul IVJo LJl Icllt 


H 


n 


ii 
ii 


CI 


OMe 


LI ipilUbpildLC 


H 


u 
n 


H 
1 1 


CI 


OEt 


trmHn^'nhpitP 

Ll 1 LJllVJoUllClLW 


H 


1 1 


H 


CI 


O-cyclopropyl 


trinnn^nhritp 

11 ILJllWoL/lltllV-' 


H 


1 1 


H 
1 1 


CI 


O-acetyl 


trinnnsnhfltp 

Ll 1 L/l 1 \J J L/l 1CILW 


H 


i 1 


H 


CI 


SH 


trinhrwnhnfp 
Ll i LJllVJol J nlclLv»' 


H 


ii 


H 
1 1 


CI 


SMe 


tr1nV>nQT^l^^^tp 

11 1 UllVJoUlldLt/ 


H 


n 


H 
1 1 


CI 


SEt 


t n n Vi n <? n Vi a t p 


H 


H 


H 


CI 


S-cyclopropyl 


mnnnnhosnhatp 


monophosphate 


moTionhn^nh Mtp 


H 


CI 


NH 2 


monophosphate 


monophosphate 


m nnonhn^nli a\ p 

11 IUII V / U11UJU1 lulv 


H 


CI 


NH-cyclopropyl 


monophosphate 


monophosphate 


monophosphate 


H 


CI 


OH 


diphosphate 


diphosphate 


diphosphate 


H 


CI 


NH 2 


diphosphate 


diphosphate 


diphosphate 


H 




NH-cyclopropyl 


diphosphate 

i 1 


diphosphate 


diphosphate 


H 


CI 


OH 


triphosphate 


tnnn osnnatc 


triphosphate 


H 


CI 


NTH- 


II 


H 


H 


E 


CI 


Ml; 



R 


K 


R 3 


x 1 ! 

L 




Y 


1 1 
H 


LJ 
11 


H 
1 1 


F 


CI 


NH-cyclopropyl 


T T 

H 


II 
11 


1 1 


F 


CI 


OH 


T T 

H 


If 
I 1 


H 


CI 


CI 


NH 2 


H 


II 

H 


n 


V 1 


CI 


NH-cyclopropyl 


H 


T I 

H 


TJ 

1 1 


ri 


CI 


OH 


H 


IT 

H 


n 


Br 


CI 


NH 2 


H 


II 

o 


11 


Br 


CI 


NH-cyclopropyl 


H 


IT 

H 


n 


Br 


CI 


OH 


H 


II 

H 


u 
n 


NH^ 


CI 


NH 2 


H 


IT 

ri 


TJ 

n 


1 M 1 ±2 


CI 


NH-cvclonroDvl 


H 


T I 


rl 


IN 112 


CI 


OH 


H 


T T 


rl 


Oil 


CI 


NH 2 


H 


IT 

ri 


u 
n 


SH 

ull 


CI 


NH-cyclopropyl 


H 


IT 


T_J 

n 


SH 

Oil 


CI 


OH 


acetyl 


IT 

H 


T_r 
rl 


1 1 


CI 


NH 2 


acetyl 


TJ 


IT 

M 


n 


CI 


NH-cvclooronvl 


acetyl 


T T 

ri 


IT 

rl 


1 1 


CI 


OH 


acetyl 


T J 

H 


IT 

11 


F 


CI 


NH 2 


. i 
acetyl 


TJ 

ri 


rl 


F 


CI 


NH-cyclopropyl 


acetyl 


TJ 

ri 


IT 

n 


F 


CI 


OH 


H 


acetyl 


o r> t \ ?\ 

aceiy i 


H 


CI 


NH 2 


H 


acetyl 


acetyl 


H 
1 1 


CI 


NH-cyclopropyl 


H 


acetyl 


acetyl 


H 


1 CI 


OH 


, i 
acetyl 


acetyl 


acetyl 


H 


CI 


NH 2 


acetyl 


acetyl 


acetyl 


H 


CI 


NH-cyclopropyl 


acetyl 


acetyl 


acetyl 


H 


CI 


OH 


monophosphate 


acetyl 


acetyl 


H 


CI 


NH 2 




■ , ^ i + < i 


If I M \ f 


1 j 


CI 


VH -c volooron vl 


diphosphate 


acetyl 


acetyl 


' H 


* CI 


, \ 1 

NH-cyclopropyl 




R 1 


R : 




X 1 


X 2 


Y 


diphosphate 


acetyl 


acetyl 


1 

H 


CI 


OH 


triphosphate 


acetyl 


acetyl 


H 


CI 


NH 2 


triphosphate 


acetyl 


acetyl 


H 


CI 


NH-cyclopropyl 


triphosphate 


acetyl 


acetyl 


H 


CI 


OH 


H 


H 


H 


H 


CI 


NH 2 


H 


H 


H 


H 


CI 


NH-cyclopropyl 


H 


H 


H 


H 


CI 


OH 


H 


H 


H 


H 


Br 


NH 2 


H 


H 


H 


H 


Br 


NH-cyclopropyl 


H 


H 


H 


H 


Br 


OH 



Alternatively, the following nucleosides of Formula IV are prepared, using the 
appropriate sugar and pyrimidine or purine bases. 



Y 




5 (IV) 



wherein: 



R' 


R : 


R"* 


x' ;y 


H 


H 




H 


H 


H 


H 


H 


H 


H 


NH 2 


H 


H 


H 


H 


NH-cyclopropyl 


H 
1 1 


H 
H 




H 
H 


H 
1 1 


NH-methyl 
OH 




R' 


R 2 


R 3 


X 1 1 

i 


Y 


H 

1 i 


H 


H 


H 


OMc 


ri 


H 


H 


H 


OEt 


u 
1 1 


H 


H 


H 


O-cyclopropyl 


n 


H 


H 


H 


O-acetyl 


H 
1 1 


H 


H 


H 


SH 


H 
1 1 


H 


H 


H 


SMe 


H 


H 


H 


H 


SEt 


11 


H 


H 


H 


S-cyclopropyl 


lllUliopnu^pntii.C' 


H 


H 


H 


NH 2 


IIlUIltjpilC'i>piltllC 


H 


H 


H 


NH-acetyl 


TYiAnonnncnnJitP 


H 


H 


H 


NH-cyclopropyl 


mnnnnhn'snliptp 


H 


H 


H 


NH-methyl 


mnnonlincnH c\ tP 

1 1 lij 1 1 VJ U 1 1 U C5 p 1 1 d L W 


H 


H 


H 


NH-ethyl 


m An nn nncnn * i t P 

inuiiupiiu5>pii<iLt; 


H 


H 


H 


OH 


IIlUIlUpilUopilciLC 


H 


H 


H 


O-acetyl 


»-v~* r"\ /"a r-\ /-\ c Y\ n otp 

nionopriuspjiaLc 


H 


H 


H 


OMe 


IIlUIlUpiUJbpilclLC 


H 


H 


H 


OEt 


1 1 IU 1 1VJ p 1 1 \J o p 1 i *1 L t 


H 


H 


H 


O-cyclopropyl 


m nno.nViPiQT*^Vi £i tP 
II lUIltjpiHJi>pilu.lG 


H 


H 


H 


SH 


IIlUIliJpiUJopilo.LC' 


H 


H 


H 


SMe 


m r\ n r\ n Vi pv c "nj Vi t p 
IIlUlUJpiUJipilclLt 


H 


H 


H 


SEt 


m AtiAnn Acnn 1 1 P 

! nionupiiubpiiait, 

i 


H 


H 


H 


S-cyclopropyl 


HirtVlOCT'lVl^ltP 
UipilVJSpila-lv- 


H 


H 

(_ 


H 


NH 2 


Hinho^nhntp 

Uipil^opilClLV 


H 


H 


H 


NH-acetvl 

* 


diphosphate 


H 


H 


H 


NH-cyclopropyl 


diphosphate 


H 


H 


H 


NH-methyl 


diphosphate 


H 


H 


H 


NH-ethyl 


^ i 1i i ^^!^!~) n t p 


1 j 


} | 


H 


OH 


diphosphate 


I 1 


H 


' II 


■ >\k 
* OHt 



so 




R 1 




R 3 X 1 


Y 


diphosphate 


: H 


H 


H 


O-cyclopropyl 


diphosphate 


H 


H 


H 


SH 


diphosphate 


H 


H 


H 


SMe 


diphosphate 


H 


H 


H 


SEt 


diphosphate 


H 


H 


H 


S-cyclopropyl 


triphosphate 


H 


H 


H 


NH 2 


triphosphate 


H 


H 


H 


NH-acetyl 


triphosphate 


H 


H 


H 


NH-cyclopropyl 


triphosphate 


H 


H 


H 


NH-methyl 


triphosphate 


H 


H 


H 


NH-ethyl 


trinhosohate 


H 


H 


H 


OH 


triphosphate 


H 


H 


H 


OMe 


triphosphate 


H 


H 


H 


OEt 


triphosphate 


H 


H 


H 


O-cyclopropyl 


triphosphate 


H 


H 


H 


O-acetyl 


triphosphate 


H 


H 


H 


SH 


triphosphate 


H 


H 


H 


SMe 


triphosphate 


H 


H 


H 


SEt 


triphosphate 


H 


H 


H 


S-cyclopropyl 


monophosphate 


monophosphate 


monophosphate 


H 


NH 2 


monophosphate 


monophosphate 


monophosphate 


H 


NH-cyclopropyl 


monophosphate 


monophosphate 


monophosphate 


H 


OH 


diphosphate 


— 

diphosphate 


diphosphate 


H 


NH 2 


diphosphate 


— — — — — - — 

diphosphate 


diphosphate 




NH-cyclopropyl 


diphosphate 


diphosphate 


diphosphate 


IT 
11 


OH 


triphosphate 




triphosphate 


H 




triphosphate 


triphosphate 


triphosphate 


H 


NH-cyclopropyl 


Triphosphate 


triphosphate 


triphosphate 


H 


OH 


H 


II 


11 


F 


OH 



K 


V> - \ 

i 


R 3 ! 


x' 


Y 


H 


n 


H 


CI 

L 


NH 2 


; 

H 


h \ 


H 1 


CI ! NH-cyclopropyl 


LJ 

H 


TJ 
1 1 


H 


n 


OH 
wn 


I J 

H 


i j 


H 


Rr 


i > 1 12 


ij 

o 


H 


H 


DI 


X. ' l J r , \rrlnnrnn\/l 
INU-CjClUpiUpjI 


U 


1 1 


H 


DI 


OH 
w n 


TJ 

H 


H 


H 


INrl2 


VI LJ 

in n 2 


T T 

H 


TJ 
1 1 


H 


iNri2 


iNo-cyciopr opyi 


T T 

H 


u 

I 1 


H 


XTTT 
INH2 


vJri 


1 T 

H 


n 


H 


C TJ 

00 


X ! LJ 

IN02 


i j 

ti 


H 


H 


C TJ 


Psri-cyciopropyi 


TJ 

H 


tj 
f l 


H 


C TJ 

on 


OTJ 
Un 


acetyl 


TJ 

n 


H 


TJ 


XTTT 
IN 11 2 


acetyl 


H 

n 




TJ 


iNri-cyciopropyi 


acetyl 


1 1 
1 1 


H 


TJ 


OTJ 

vJrl 


acetyl 


TJ 

n 


H 


r 


XTTJ 


acetyl 


TJ 

1 1 


H 


T7 

r 


iNri-cyciopropyi 


acetyl 


H 
n 


H 


T7 

r 


OH 
Un 


T T 

H 


aceiy i 


Qppt Vl 


TJ 


IN TJ.2 


T T 

H 


dcciyi 


acetyl 


IT 

ri 


XT TJ /-» 1 /^\r\Tf^\T^\/1 

iNri-cyciupiupyi 


H 


aCCLy I 


acetyl 


TJ 


OH 
yj n 


acetyl 


did y 1 


acetyl 


H 


NH; 


acetyl 


I CI V 1 


acetyl 


H 


NH-cyclopropyl 


acetyl 


'ippt vl 
uv v L y 1 


acetyl 


H 


OH 


monophosphate 


acetyl 


acetyl 


T T 

H 


XT TJ 

NH2 


monophosphate 


acetyl 


aceiyi 


H 


NH-cyclopropyl 


monophosphate 


acetyl 


acetyl 


H 


OH 


' ; Kn'i -it' 1 




i c e t \ ' 1 


H 


NH- 


triphosphate 


acetyl 


acetyl 


' 11 


'■MS 

NH: 



R 1 


R : 


R 3 


x' 


Y 


triphosphate 


acetyl 


acetyl 


H 


NH-cyclopropyl 


triphosphate 


acetyl 


acetyl 


H 


OH 



Alternatively, the following nucleosides of Formula VII are prepared, using the 
appropriate sugar and pyrimidine or purine bases. 

Base 



wherein: 



OR" OR 

(VII) 



R 1 


R 2 


R 3 


R 6 


X 


Base 


H 


H 


H 


CH 3 


o 


2,4-0- 

Diacetyluracil 


H 


H 


H 


CH 3 


o 


Hypoxanthine 


H 


H 


H 


CH 3 


o 


2,4-0- 

Diacetylthymine 


H 


H 


H 


CH 3 


o 


Thymine 


H 


H 


H 


CH 3 


o 


Cytosine 


H 


H 


H 


CH 3 


o 


4-(N-mono- 
acetyl)cytosine 


H 


H 


H 


CH-, 


o 


4-(N,N- 

diacetyl)cytosine 


H 


H 


H 


CH 3 


o 


Uracil 


H 


H 


H 


CH 3 


o 


5-Fluorouracil 


H 


H 


H 


CH, 


s 


2,4-0- 



H 1 i 11 C "H; S 2.4-0- 

Diacet\ith\mine 



R 1 


R" 


R 3 


R 6 


X 


Base 


H 


H 


H 


CH 3 


s 


Thymine 


H 


H 


H 


CH 3 


s 


Cytosine 


i H 


Ih 


H 

i 


; ch, 


s 


4-(N-mono- 
acetyl)cytosine 


H 


H 


H 


CH 3 


s 


4-(N,N- 

diacetyl)cytosine 


H 


H 


H 


CH 3 


s 


Uracil 


H 


H 


H 


CH 3 


s 


5-Fluorouracil 


monophosphate 


H 


H 


CH 3 


o 


2,4-0- 

Diacetyluracil 


monophosphate 


H 


H 


CH 3 


o 


Hypoxanthine 


monophosphate 


H 


H 


CH 3 


o 


2,4-0- 

Diacetylthym 


monophosphate 


H 


H 


CH 3 


o 


Thymine 


monophosphate 


H 


H 


CH 3 


o 


Cytosine 


monophosphate 


H 


H 


CH 3 


o 


4-(N-mono- 
acetyl)cytosine 


monophosphate 


H 


H 


CH 3 


o 


4-(N,N- 

diacetyl)cytosine 


monophosphate 


H 


H 


CH 3 


o 


Uracil 


monophosphate 


H 


H 


CH 3 


o 


5-Fluorouracil 


monophosphate 


H 


H 


CH 3 


s 


2,4-0- 

Diacetyluracil 


monophosphate 


H 

I 


H 


CH, 


s 


Hvpoxanthine 


monophosphate 


H 


H 


CH 3 


s 


2,4-0- 

F^i "AC F*t vl tVi vm 
\—j i at v^iyiLiiyiii 


monophosphate 


H 


H 


CH 3 


s 


Thymine 


monophosphate I 


H ! 


H ! 


CH 3 


s 


Cytosine 


monophosphate 


il 


t i 


t il: 


s 


4-(\,\- 



diacetvl )cvtosine 



R 1 


R 2 


R ? 


R 6 


X 


Base 


n lOnopnospiiaie 


H 
1 1 


H 


CH 3 


s 


Uracil 


monopnospndic 


1 1 


H : 


CH 3 


s 


5-Fluorouracil 


diphosphate 


H 


H 


CH ? 


0 


2,4-0- 

Diacetyluracil 


diphosphate 


n 


H 


CHx 


0 


Hypoxanthine 


diphosphate 


ri 


H 


CH 3 


0 


2,4-0- 

Diacetylthymine 


diphosphate 


n 


H 


CH 3 


0 


Thymine 


diphosphate 


H 


H 


CH 3 


0 


Cytosine 


diphosphate 


u 
ri 


1 1 


\^ 1 13 


0 


4-( N-mono 
acetyl)cytosine 


diphosphate 


TI 

n 




CH 3 


O 


4-(N N- 

diacetyl)cytosine 


diphosphate 


n 


H 


CH 3 


O 


Uracil 


diphosphate 


IT 

rl 


r l 


V- 1 A J 


O 


5 -Fluoro uracil 


diphosphate 


H 


H 


CH 3 


s 


2,4-0- 

Di acetyl uracil 


diphosphate 


t_t 
n 


I 1 


CH 3 


s 


Hypoxanthine 


diphosphate 


n 


H 


CH 3 


s 


2,4-0- 

Diacetylthym 


diphosphate 


o 
rl 


1 1 


CH 3 


s 


Thymine 


diphosphate 


n 


1 1 


CH 3 


s 


Cvtosine 


1" triphosphate 


H 


H 


CH 3 


0 


2,4-0- 

Diacetyluracil 


triphosphate 


H 


H 


CH 3 


0 


Hypoxanthine 


triphosphate 


H 


H 


CH 3 


0 


2,4-0- 

Diacetylthymine 


triphosphate 


H 


H 


CH ? 


! O 


Thymine 



acetvl )cytosine 




R 1 


R 2 

IX 


R 3 


R 6 


X 


Base 


LI lLJllLJisUlltllv^ 


H 


H 


CH; 


O 


4-(N,N- 

diacetyl)cytosine 


tnnhn<;nhntp 

Li lLJUVJSLJltcllC- 


H 


H 


CH 3 


O 


Uracil 


trir^hr^cnnfitp 

Li iUlUJoLJlldLW 


H 


H 


CH 3 


O 


5-Fluorouracil 


triphosphate 


H 


H 


CH 3 


s 


2,4-0- 

O i ac et vl urac i 1 


triphosphate 


1 1 


u 
1 1 




s 


H vTinvanthinp 


iripnospiiciLc 


H 
i i 


H 


CFh 


s 


2 4-0- 

Diacetylthymine 


LlipilUbpilaLC 


H 


H 


CH 3 


s 


Th vmine 


f t"t *t*\ W o t"\ hot 

iripnospndie 


n 


H 


CH 3 


s 


Cvtosine 


monophosphate 


monophosphate 


monophosphate 


CF 3 


0 


2,4-0- 

Diaretvl nrari 1 


monopnospiiaie 


1 1 IVJi 1VJ |J1 lLJo L/ildLC 


mnnnnhn^nhfltp 

lllWllV./L'IlVj'OL/lltlL^ 


CF^ 


0 


W vnox an th i n e 

1 X. y L/ V Aiill Llllll v 


i iionopnobpiicuc 


mnnonhnQnh^tp 

i 1 1VJ llvJ L>1 IVJoJJl luL^ 


mnnnnho'snhatp 

lllUllUUllUOUllULt' 


v 1 3 


0 


0 4-0- 

Diacetylthymine 


rnonopiiospiiaLe 


m r\n or*Vi ncnVi 'A t o 
1 1 1U1 1U LU lUoUllalv 


mnnnnVin'snhntp 

lllUllUL/llvJdLJl lul^ 


^ 1 3 


0 


Th vmine 


monophosphate 


monophosphate 


monophosphate 


CF 3 


0 


Cytosine 


monophosphate 


monopnospnaie 


inoiiopnoopiiciLc 




0 


\J_rnnno- 

^ 1 N 1 i 1VJ1 iVJ - 

;icpt vl Vvtn<;inp 


IllVJllUUlUJcsLJliClLt; 


mnnnnlinsnhatp 


mononhosnhate 

111 KJ 1 1 V_/ L/ I X V_7 k_> 1 X CI L w 


CF^ 


0 


4-fN N- 

diacetyl)cytosine 


I nunUUllwbLJllclLL, 


m o n o nh o ^ n h ^ t p 

11 ILJIJvJLj'IIv^'oL'IICII.W 


mononhosnhate 


CF; 


0 


Uracil 


monopnobpiiaLc 


11 lUll^'lHlUoLJlltlLW 


tit n n o n H o <s n h n t p 

monophosphate 


CF^ 

L_ 


0 


*S - F h 1 0 ro uracil 


monophosphate 


monophosphate 


monophosphate 


CF 3 


s 


2,4-0- 

i dt e 1 y 1 u 1 dt 1 1 


monophosphate 


monophosphate 


monophosphate 


CF 3 


s 


Hypoxanthine 


monophosphate 


monophosphate 


— ■ — i 
monophosphate 


r 

CF3 


s 


2,4-0- 


monophosphate 


monophosphate 


monophosphate 




s 


Uytosine 




R' 


R 2 




R 6 


X Base 


! monophosphate 


monophosphate 


monophosphate 


CF, 


s 


A-( N-mono- 
acetyl)cytosine 


monophosphate 


monophosphate 


monophosphate 


(T-. 


s 


4-(N,N- 

diacetyl )cytosine 


monophosphate 


monophosphate 


monophosphate 


CF 3 


s 


Uracil 


monophosphate 


monophosphate 


monophosphate 


CF 3 


s 


'S-Fliioroiiraci 1 


acetyl 


acetyl 


acetyl 


CF; 


o 


4-(N,N- 

diarptvl ^rvtn^inp 


acetyl 


acetyl 


acetyl 


CF, 


s 


4-(N,N- 

tiiacptvl ^rvtn^inp 

i-i i ciw v. l y i ^ y iu oiiiL 


acetyl 


acetyl 


acetyl 


2-bromo- 
vinyl 


o 


4-(N,N- 


acetyl 


acetyl 


acetyl 


2-bromo- 
vinyl 


s 


4-(N,N- 

HlUPPtvl \ P Vt O Q 1 TT 


H 


H 


H 


CH 3 


o 


"MIST N-diaretvl V 
guanine 

U 14.1 1111V 


H 


H 


H 


CH 3 


o 


6-O-acetyl 
guanine 


H 


H 


H 


CH 3 


o 


R-fliioroPiianinp 


H 


H 


H 


CH 3 


o 


U Ul 1111 w 


H 


H 


H 


CH 3 


0 


6-(N,N-diacetyl)- 
adenine 


H 


H 


H 


CH 3 


o 


2-fluoroadenine 


H 


H 


H 


CH;, 


o 


8-fluoroadenine 


H 


H 


H 


CH 3 


o 


2,8-difluoro- 
adenine 


H 


H 


H 


CH 3 


o 


'irlpn inp 
clvl^l 111 1 w 


H 1 


H i 


H 




s 


2-(N,N~diacetyl)- 

uuanme 


H " " ' 


H 


H 


CH; 


s ' 


8-fluoroguanine 




R 1 


R~ 


"r 3 


R 6 


X 


Base 


H 


H 


H 


CH 3 


s 


guanine 


H 


H 


H 


CH 3 


s 


6-(N,N-diacetyl)- 
adenine 


H 


H 


H 


CH 3 


s 


2-fluoroadenine 


H 


H 


H 


CH 3 


s 


8-fluoroadenine 


H 


H 


H 


CH 3 


s 


2,8-difluoro- 
adenine 


H 


H 


H 


CH 3 


s 


adenine 




H 


H 


CH 3 


o 


2-(N,N-diacetyl)- 
guanine 


IIIUIIUUI 1U5»]JI ldLC 


H 


H 


CH 3 


o 


6-O-acetyl 
guanine 


1 1 1 U 1 1 U U 1 1 yJ S L> 1 1 L W 


H 


H 


CH 3 


o 


8-fluoroguanine 


mnn nn Vi n <snh a t p 


H 


H 


CH 3 


o 


guanine 


iriAnnnnncnn p tp 


H 


H 


CH 3 


o 


6-(N,N-diacetyl)- 
adenine 


IIlUIlUpi lL/c»pil<iLC 


H 


H 


CH 3 


o 


2-fluoroadenine 


IIlUIlUpi lUopildlC 


H 


H 


CH 3 


o 


8-fluoroadenine 


monophosphate 


H 


H 


CH 3 


o 


2,8-difluoro- 
adenine 


monophosphate 


H 


H 


CH 3 


o 


adenine 


m r^mnnViocr^Vi^tp 


H 


H 


CH 3 


s 


2-(N,N-diacetyl)- 
guanine 


mnnnnlincnli f A t p 


H 


H 


CH 3 


s 


6-O-acetyl 
guanine 


monophosphate 


u 

ri 


ii 

n 


v- n 3 




x — t1 i inrn (ni'inmp 
Q-llUUHJgUtllllllC 


monophosphate 


H 


H 


CH 3 


s 


guanine 


monophosphate 


H 


H 


CH 3 


s 


0-(N,N-diacetyl)- 


monophosphate 


H 


II 


C i i 


s 


S-fluoroadenine 



K 


K 


rv 


R 6 


x 


Base 


monophosphate 


H 


H 


CH 3 

i 


s 


2,8-difluoro- 
adenine 


— — . 

monophosphate 


II 


-H 1 


CH 3 


s 


adenine 


diphosphate 


rl 


H 
1 1 




0 


2-(N,N-diacetyl)- 
guanine 


diphosphate 


0 
0 


u 
1 1 


CHi 


0 


6-O-acetyl 
guanine 


diphosphate 


TJ 


11 


v_ 1 13 


0 


8- fluoro guanine 


diphosphate 


IT 

ri 


I 1 


13 


0 


izuanine 

ZL. L4> C4-1 1111 w 


diphosphate 


14 

0 


rl 


v_ 1 1 3 


0 


6-fN N-diacetvlV 
adenine 


diphosphate 


TJ 

0 


1 1 


V- 1 1 3 


0 


^-fluoroadenine 


diphosphate 


H 


TJ 
O 


v 1 1 3 


O 


R-fl 1 inroad em ne 


diphosphate 


H 


H 


CH 3 


O 


2,8-difluoro- 
adpninp 

UUvl 1111 w 


diphosphate 


H 


H 


CH 3 


O 


adenine 


diphosphate 


TJ 

ri 


TJ 
O 


v_ 1 13 


s 


^-fN N-diacetvlV 
guanine 


diphosphate 


TJ 

hi 


TJ 

n 




s 


6-O-acetvl 
guanine 


diphosphate 


IT 

H 


TJ 

n 


v 1 13 


s 


8 -fluoro guanine 


diphosphate 


TJ 

n 


1 1 




s 


guanine 


diphosphate 


LJ 
IJ 




CHi 


s 


6-(N,N-diacetyl)- 
adenine 


diphosphate 


H 


H 


CH 3 


s 


2-fluoroadenine 


diphosphate 


H 


H 


CH 3 


s 


8-fluoroadenine 


1 diphosphate 


H 


H 


CH; 


s 


2,8-difluoro- 
adenine 



guanine 




R 1 


R 2 


R 


R* 1 


X 


Base 


triphosphate 


H 


H 


- 


o 


6-O-acetyl 
guanine 


tri phn^phntp 


H 


H 


chT 


0 


8-fluoroguanine 


Tripho<;phntP 

Ll ILJllVJoLJllClL^- 


H 


H 


CH 3 


o 


guanine 


t ri n h r\ Qn h n t p 


H 


H 


CH 3 


o 


6-(N,N-diacetyl)- 
adenine 


triphosphate 

Ll 1 VJ 1 l\J O VJ 1 I Cl I V- 


H 


H 


CH 3 


o 


2-fluoroadenine 


triphosphate 


H 


H 


CH 3 


o 


8-fluoroadenine 


trir\Vir*cr\H'}tP 
11 lUllUStUllaLL 


H 


H 


CH 3 


o 


2,8-difluoro- 
adenine 


inpiiospiiaLc 


H 


H 


CH^ 


o 


2-(N,N-diacetyl)- 
guanine 


tn r>Vin<;nn ntp 

Ll ILyllWolJllclL^' 


H 


H 


CH 3 


s 


6-O-acetyl 
guanine 


tn nlincnn £itp 

Ll 1 LJllvJolJllClLt, 


H 


H 


CH 3 


s 


8-fluoroguanine 


LI lpilUDpiltliC 


H 


H 


CH 3 


s 


guanine 


LIipiHJ5>pilu.LC 


H 


H 


CH 3 


s 


6-(N,N-diacetyl)- 
adenine 


triprio<sph;itP 

Ll ILHlWoLJllilLW 


H 


H 


CH 3 


s 


2-fluoroadenine 


tnpho^p h^tp 

Ll lUllUoUUalV^ 


H 


H 


CH 3 


s 


8-fluoroadenine 


triphosphate 


H 


H 


CH 3 


s 


2,8-difluoro- 
adenine 


triphosphate 


H 


H 


.... _ — _ — . — 


s 


adenine 


IIlOIlOpilUspilillC 


tit n n t ^ n h ( <n p h ?i t p 


monophosphate 

11 IV. ' 1 Iv'l / 1 IV' JL'I Kll v 


CF; 


o 


2-(N,N-diacctyl)- 
guanine 


monophosphate 


monopi lOspndLe 


IIlOIltjpilUbpilclLC 


v_ I 3 


o 


pptvl 

guanine 


monophosphate 


monophosphate 


monophosphate 


CF 3 


o 


8-fluoroguanine 


monophosphate 


monophosphate 


monophosphate 


' ( "I : 


o 


adenine 

2-fl uoroadenine 



wo 




r' 


R- 


R 3 R 6 I X 


Base 


! monophosphate 


monophosphate 


j monophosphate 

i 


CF 3 


O 


8-fluoroadenine 




monophosphate 


monophosphate 


monophosphate 


CF 3 

j 


o 


2,8-difluoro- 
adenine 


monophosphate 


monophosphate 


monophosphate 


CF 3 


o 


adenine 


monophosphate 


monophosphate 


monophosphate 


CF 3 


s 


2-(N,N-diacetyl)- 
guanine 


monophosphate 


monophosphate 


monophosphate 


CF 3 


S 


6-O-acetyl 
guanine 


monophosphate 


monophosphate 


monophosphate 


CF 3 


s 


8-fluoro guanine 


monophosphate 


monophosphate 


monophosphate 




s 


guanine 


monophosphate 


monophosphate 


monophosphate 


CF 3 


s 


6-("N,N-diacetyi)- 
adenine 


monophosphate 


monophosphate 


monophosphate 


CF 3 


s 


2-fluoroadenine 


monophosphate 


monophosphate 


monophosphate 


CF. 


s 


8-fluoroadenine 


monophosphate 


monophosphate 


monophosphate 


CF^ 


s 


2,8-difluoro- 
adenine 


monophosphate 


monophosphate 


monophosphate 


CF* 


s 


adenine 


acetyl 


acetyl 


acetyl 


CF 3 


o 


guanine 


acetyl 


acetyl 


acetyl 


CF 3 


s 


guanine 


acetyl 


acetyl 


acetyl 


2-bromo- 
vinyl 


o 


guanine 


acetyl 


acetyl 


acetyl 2-bromo- 
vinyl 


s 


guanine 



Alternatively, the following nucleosides of Formula VIII are prepared, using the 
appropriate sugar and pyrimidine or purine bases. 




Base 

(VIII) 

wherein 



R' 


R 2 


R 6 


X 


Base 


H 


H 


CH 3 


o 


2,4-O-Diacetyluracil 


H 


H 


CH 3 


o 


Hypoxanthine 


H 


H 


CH 3 


o 


2,4-O-Diacetyithymine 


H 


H 


CH 3 


o 


Thymine 


H 


H 


CH 3 


o 


Cytosine 


H 


H 


CH 3 


o 


4-(N-mono-acetyl)cytosine 


H 


H 


CH 3 


o 


4-(N,N-diacetyl)cytosine 


H 


H 


CH 3 


o 


Uracil 


H 


H 


CH 3 


o 


5-Fluorouracil 


H 


H 


CH 3 


s 


2,4-O-Diacetyluracil 


H 


H 


CH 3 


s 


Hypoxanthine 


H 


H 


CH 3 


s 


2,4-O-Diacetylthymine 


H 


H 


CH 3 


s 


Thymine 


H 


H 


CH 3 


s 


Cytosine 


H 


H j 


CH, 


s 


4-(N-mono-acetyl)cytosine 


i H 


H l 


CH; 


s 


4-(N,N-di acetyl )c\1osine 


H 


H 


CH, 


s 


Uracil 


H 


H 


CH 3 


s 


5-Fluorouracil 


monophosphate 


H 


CH; 


o 


2,4-O-Diacetyluracil 


monophosphate ! 


H 


CH; 


O ! 


Hypoxanthine 


monophosphate 


il 


CM: 


() ' 


Cytosine 





R 


i 

\ 


R 6 


X 


! Base 


monophosphate 


H 


CH 3 


0 


4-(N-mono-acetyl)cytosine 


monophosphate 


H 


CH 3 


O 


4-(N,N-diacetyl)cytosine 


j monophosphate 


H 


CH 3 


0 


Uracil 


r 

monophosphate 


H 


CH 3 


0 


5-Fluorouracil 


monophosphate 


H 


CH 3 


s 


2,4-O-Diacetyluracil 


monophosphate 


H 


CH 3 


s 


Hypoxanthine 


monophosphate 


H 


CH 3 


s 


2,4-O-DiacetyIthymine 


monophosphate 


H 


CH 3 


s 


Thymine 


monophosphate 


H 


CH 3 


s 


Cytosine 


monophosphate 


H 


CH 3 


s 


4-(N-mono-acetyl)cytosine 


monophosphate 


H 


CH 3 


s 


4-(N,N-diacetyl)cytosine 


monophosphate 


H 


CH 3 


s 


Uracil 


monophosphate 


H 


CH 3 


s 


5-Fluorouracil 


diphosphate 


H 


CH 3 


o 


2,4-O-Diacetyluracil 


diphosphate 


H 


CH 3 


o 


Hvpoxanthine 


diphosphate 


H 


CH 3 


0 


2,4-O-Diacetylthymine 


diphosphate 


H 


CH 3 


o 


Thymine 


diphosphate 


H 


CH 3 


o 


Cvtosine 


diphosphate 


H 


CH 3 


o 


4-( N-mono-acetyl )cytosine 


diphosphate 


H 


CH 3 


o 


4-(N,N-diacetyl)cytosine 


diphosphate 


H 


CH 3 


o 


Uracil 


diphosphate 


H 


CH 3 


o 

1 

1 


5-Fluorouracil 


diphosphate 


H 


CH; 


s 


2,4-O-Diacetyluracil 


diphosphate 


H 


CHx 


s 


Hvpoxanthine 


diphosphate 


H 


CHy 


s 


2,4-O-Diacetylthymine 


uipiiospiiaie 


u 
1 1 


^ n 3 


c 


Thymine 


diphosphate 


H 


CHy 


s 


Cytosine 


diphosphate ' 


H 1 




s 


4-f \ T -mono-acetvl ^cvtosine 


diphosphate 


II 


c\\. 


s 


5-I : luorouracil 




! R ' 


i Rl 


R 6 


T - ■ ■■ 

1 X 


Base 


! triphosphate 


■ H 


CH, 


o 


2,4-O-Diacetyluracil 


triphosphate 


H 


CH 3 


o 


Hypoxanthine 


triphosphate 


H 


CH 3 


o 


2,4-O-diaccthylthymine 


triphosphate 


H 


CH 3 


o 


Thymine 


triphosphate 


H 


CH 3 


o 


Cytosine 


triphosphate 


H 


CH 3 


o 


4-(N-mono-acetyl)cytosine 


triphosphate 


H 


CH 3 


o 


4-(N,N-diacetyl)cytosine 


triphosphate 


H 


CH 3 


o 


Uracil 


triphosphate 


H 


CH 3 


o 


5-Fluorouracil 


triphosphate 


H 


CH 3 


s 


2,4-O-Diacetyluracil 


triphosphate 


H 


CH 3 


s 


Hypoxanthine 


triphosphate 


H 


CH 3 


s 


2,4-O-Diacetylthymine 


triphosphate 


H 


CH 3 


s 


Thymine 


triphosphate 


H 


CH 3 


s 


Cytosine 


triphosphate 


H 


CH 3 


s 


4-( N-mono-acetyl )cytosine 


triphosphate 


H 


CH, 


s 


4-(N,N-diacetyl)cytosine 


triphosphate 


H 


CH 3 


s 


Uracil 


triphosphate 


H 


CH 3 


s 


5-Fluorouracil 


monophosphate 


monophosphate 


CF 3 


o 


2,4-O-Diacetyluracil 


monophosphate 


monophosphate 


CF 3 


o 


Hypoxanthine 
- r 


monophosphate 


monophosphate 


CF 3 


o 


2,4-O-Diacetylthymine 


monophosphate 


monophosphate 


CF, 


o 


Thymine 


monophosphate 


monophosphate 


CF 3 


o 


C>1osine 


monophosphate 


monophosphate 


CF 3 


o 


4-(N-mono-acetyl)cytosine 


monophosphate 


monophosphate 


CF 3 


o 


4-(N,N-diacetyl)cytosine 


mononhosnhate 


monnnHosrihiitp 


V- 1 3 


o 


T Irar* 1 1 


monophosphate 

1 1 


monophosphate 


CF 3 


o 


5-Fluorouracil 


monophosphate 


monophosphate 


TF 


s 


2.4-O-Diacetvluracil 


monophosphate 


monophosphate 


C'F. 


s 


Thymine 




1 R 1 


iR 1 

l 


i R 6 


X 


Base 


monophosphate 


monophosphate 


CF 3 


s 


Cytosine 


monophosphate 


monophosphate 


CF, 


s 


4-(N-mono-acetyl)cytosine 


monophosphate 


monophosphate 


CF, 


s 


4-(N,N-diacetyl)cytosine 


monophosphate 


monophosphate 


CF, 


s 


Uracil 


monophosphate 


monophosphate 


CF, 


s 


5-Fluorouracil 


acetyl 


acetyl 


CF 3 


0 


4-(N,N-diacetyl)cytosine 


acetyl 


acetyl 


CF 3 


s 


4-( N,N-diacetyl )cytosine 


acetyl 


acetyl 


2-bromo- 
vinyl 


0 


4-(N,N-diacetyl )cytosine 


acetyl 


acetyl 


2-bromo- 
vinyl 


s 


4-( N,N-diacetyl )cytosine 


H 


H 


CH 3 


0 


2-(N,N-diacetyl)-guanine 


H 


H 


CH 3 


0 


6-O-acetyl guanine 


H 


H 


CH 3 


0 


8-fluoroguanine 


H 


H 


CH 3 


0 


guanine 


H 


H 


CH 3 


0 


6-(N,N-diacetyl )-adenine 


H 


H 


CH 3 


0 


2-fluoroadenine 


H 


H 


CH 3 


0 


8-fluoroadenine 


H 


H 


CH 3 


0 


2,8-difluoro-adenine 


H 


H 


CH 3 


0 


adenine 


H 


H 


CH 3 


s 


2-(N,N-diacetyl)-guanine 


H 

1 


H 


CH, 


s 


6-O-acetyl guanine 


H 


H | 


CH 3 


S i 


8-fluoroguanine 


H 


H 


CH 3 


s 


guanine 


H 


H 


CH 3 


s 


6-(N,N-diacetyl )-adenine 


H 


H 


CH 3 


s 


2-fluoroadenine 


H 


H 






R- fl 1 1 (~\ rr\ n t ] t~i inp 

O l 1 Li CJ 1 tlLld 1111C 


H 1 


H 


CH, 


s 


2.8-difluoro-adenine 










. i \ . \ ■■■■ . '. i . s v • r ! 1 1 1 l.in uu 


monophosphate 


II 


CH; 


0 


6-O-acetyl guanine 




R' 




R 6 


X 


Base 


monophosphate 


H 


CH 3 


o 


8-fIuoroguanine 


monophosphate 


H 


CH 3 


o 


guanine 


monophosphate 


H 


CH 3 


o 


6-(N,N-diacetyl)-adenine 


monophosphate 


H 


CH 3 


o 


2-fluoroadenine 


monophosphate 


H 


CH 3 


o 


8-fluoroadenine 


monophosphate 


H 


CH 3 


o 


2,8-difluoro-adenine 


mononhosnhate 


H 


CH 3 


o 


adenine 


monophosphate 


H 


CH 3 


s 


2-(N,N-diacetyl)-euanine 


monophosphate 


H 


CH 3 


s 


6-O-acetyl guanine 


monophosphate 


H 


CH 3 


s 


8-fluoroguanine 


monophosphate 

111 \J 1 IV/ 1 1 V A 1 L w 


H 


CH 3 


s 


guanine 


monophosphate 


H 


CH 3 


s 


6-( N,N-diacetyl )-adenine 


mononhosnhate 


H 


CH 3 


s 


2-fluoroadenine 


mononhosnhate 


H 


CH 3 


s 


8-fluoroadenine 


monophosphate 


H 


CH 3 


s 


2,8-difluoro-adenine 


monophosphate 


H 


CH 3 


s 


adenine 


diphosphate 


H 


CH 3 


o 


2-(N,N-diacetyl)-guanine 


diphosphate 


H 


CH 3 


o 


6-O-acetyl guanine 


diphosphate 


H 


CH 3 


o 


8-fluoroguanine 


diphosphate 


H 


CH 3 


o 


guanine 


diphosphate 


H 


CH 3 


o 


6-(N,N-diacetyl)-adenine 


diphosphate 


H 


CH 3 


o 


2-fluoroadenine 


diphosphate 


H 


CH 3 


o 


8-fluoroadenine 


dinhosph ate 


H 


CH 3 


o 


2,8-difluoro-adenine 


diphosphate 


H 


CH 3 


o 


adenine 


diphosphate 


H 


CH 3 


s 


2-(N,N-diacetyl)-guanine 


diphosphate 

1 


H 


CH 3 


s 


6-O-acetyl guanine 


' 1 i plio^nh ;it t " 

'..,|l|IU>jMldl, 


_ 

n 


en 




S-fluoros.nianine 


diphosphate 


H 


(II. 


s 


2-fluoroadenine 




1 *' 


R 2 


R 6 


X 


Base 


diphosphate 


H 


CH 3 


— ( 

s 


8-fluoroadenine 


diphosphate 


H 


CH 3 


s 


2,8-difluoro-adenine 


diphosphate 


H 


CH 3 


s 


adenine 


triphosphate 


H 


CH ? 


o 


2-(N,N-diacetyl)-guanine 


triphosphate 


H 


CHj 


o 


6-O-acetyl guanine 


triphosphate 


H 


CH 3 


o 


8-fluoroguanine 


triphosphate 


H 


CH 3 


0 


guanine 


triphosphate 


H 


CH 3 


o 


6-(N,N-diacetyl)-adenine 


triphosphate 


H 


CH 3 


o 


2-fluoroadenine 


triphosphate 


H 


CH 3 


o 


8-fluoroadenine 


triphosphate 


H 


CH 3 


o 


2,8-difluoro-adenine 


triphosphate 


H 


CH 3 


o 


adenine 


triphosphate 


H 


CH 3 


s 


2-(N,N-diacetyl)-guanine 


triphosphate 


H 


CH 3 


s 


6-O-acetyl guanine 


triphosphate 


H 


CH 3 


s 


8-fluoroguanine 


triphosphate 


H 


CH 3 


s 


guanine 


triphosphate 


H 


CH 3 


s 


6-(N,N-diacetyl)-adenine 


triphosphate 


H 


CH 3 


s 


2-fluoroadenine 


triphosphate 


H 


CH 3 


s 


8-fluoroadenine 


triphosphate 


H 


CH 3 


s 


2,8-difluoro-adenine 


triphosphate 


H 


CH 3 


s 


adenine 


monophosphate 


monophosphate 


CF 3 


o 


2-(N,N-diacetyl)-guanine 


monophosphate i 


monophosphate 


CF 3 


o 


0-O-acetyl guanine 


monophosphate 


monophosphate 


CF 3 


o 


8-fluoroguanine 


monophosphate 


monophosphate 


CF 3 


o 


guanine 


monophosphate 


monophosphate 


CF 3 


o 


6-(N,N-diacetyl)-adenine 


monophosphate 


monophosphate 


CF 3 


o 


2-fluoroadenine 


monophosphate 


monophosphate 


CF, 


o 


8-fluoroadenine 


■ .< <::opiu >>ptKiU 
monophosphate 


:i >;n >pi!i i^pna! l 
monophosphate 




s 


,uC! 1 1 IK' 

2-(N,N-diacetyl)-guanine 



R 1 


R : 


R 6 


X 


Base 


monophosphate 


monophosphate 






6-O-acetyl guanine 


monophosphate 


monophosphate 


CF, 


s 


8-fluoroguanine 


monophosphate 


monophosphate 


CF 3 


s 


guanine 


mononhosnhate 


monophosphate 


CF 3 


s 


6-(N,N-diacetyl)-adenine 


monnnhosnhat e 


monophosphate 


CF 3 


s 


2-fluoroadenine 


mnnonhosnhate 


monophosphate 


CF 3 


s 


8-fluoroadenine 


mononhosnhate 


monophosphate 


CF 3 


s 


2,8-difluoro-adenine 


monophosphate 


monophosphate 


CF 3 


s 


adenine 


aV/^i y l 


acetyl 


CF 3 


o 


guanine 


acetyl 


acetyl 


CF 3 


s 


guanine 


acetyl 


acetyl 


2-bromo- 
vinyl 


o 


guanine 


acetyl 


acetyl 


2-bromo- 
vinyl 


s 


guanine 



Alternatively, the following nucleosides of Formula IX are prepared, using the 
appropriate sugar and pyrimidine or purine bases. 

Base 
R 6 

(IX) 

wherein: 



R 1 


R 6 


X 


Base 


H 


CH, 


o 


2.4-O-Diacetyluracil 


H 


en. 


r o — 1 


Hvpoxanthine 


II 


(II: 


o 


::\ IlllIK 

("vtosme 




R 1 


R 6 


X 


Base 


H 


CH 3 


0 


4-(N-mono-acetyl)cytosine 

' ....... . .. 


H 

j 


CH 3 


o 


4-(N,N-diacetyl)cytosine 


H 


CH 3 




Uracil 


H 


CH 3 


o 


5-Fluorouracil 


H 


CH 3 


s 


2,4-O-DiacetyIuracil 


H 


CH 3 


s 


Hypoxanthine 


H 


CH 3 


s 


2,4-O-Diacetylthymine 


H 


CH 3 


s 


Thymine 


H 


CH 3 


s 


Cytosine 


H 


CH 3 


s 


4-(N-mono-acetyl )cytosine 


H 


CH 3 


s 


4-(N,N-diacetyl)cytosine 


H 


CH 3 


s 


Uracil 


H 


CH 3 


s 


5-Fluorouracil 


monophosphate 


CH 3 


0 


2,4-O-Diacetyluracil 


monophosphate 


CH 3 


o 


Hypoxanthine 


monophosphate 


CH^ 


o 


2,4-O-Diacetylthymine 


monophosphate 


CH 3 


o 


Thymine 


monophosphate 


CH 3 


o 


Cytosine 


monophosphate 


CH 3 


o 


4-(N-mono-acetyl )cytosine 


monophosphate 


CH 3 


o 


4-(N,N-diacetyl)cytosine 


monophosphate 


CH 3 


o 


Uracil 


monophosphate 


CH 3 


o 


5-Fluorouracil 


monophosphate 


CH, 


s 


2,4-O-Diacetyluracil 


monophosphate 


CH, 


s 


Hvpoxanthine 


monophosphate 


CH 3 


s 


2,4-O-Diacetylthymine 


m a n o n Vi n ^ n Vi £i t p 


vl ij 


s 


Thvmine 


monophosphate 


CH? 


s 


Cytosine 


monophosphate 


CH- 




4-f N-mono-acetyl )cytosine 


■ : ^ ! 1 1 1 p i ] i. ) > n 1 1 a l v 
monophosphate 


CH: 


s 


5-Fluorouracil 




! R 1 


R 6 


x 


Base 


rlinhosnhatp 


CH 3 


0 


2,4-O-Diacetyluracil 


! dinhosnhate 


CH 3 


0 


Hypoxanthine 


dinhosnhate 


CH; 


0 


2,4-O-Diacetylthymine 


dinhosnhate 


CH; 


0 


Thymine 


dinhn^nhatp 

L11LM1VJ51J11CILV 


CH; 


0 


Cvtosine 


dinlirwnhiitp 

UlLJllUoLylldlw 


CH; 


0 


4-(N-mono-acetyl)cytosine 
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CH^ 


0 


4-(N,N-diacetyl)cytosine 


d i nh o snh a t p 


CH; 


0 


Uracil 


dmhn^nhatp 


CH; 


0 


5 -Fluoro uracil 


UllJHUolJllClLC 


CH; 


s 


2,4-O-Diacetyluracil 


U 1 IJ 1 1VJ & Ul Id 


CH; 


s 


Hvnox an thine 


UipilDbpildLC 




s 


^ 4-O-Diacetvlthvmine 


UlL'IlUSLUlClLC' 


CH 3 


s 


Thvmine 

1 11 j 111111 w 


UlLMlVJolJlltlLt 


CH; 


s 


Ovto sine 


tnnhn^nViPitp 


CH 3 


O 


2,4-O-Diacetyluracil 


11 1 UllVJolJl 1CIL t 


CH; 


O 


Hvnoxan thine 


tn nVi r^cr^Vi q t p 

Ll 1 LIllUoUllClLt/ 


CH 3 


O 


0 4-O-Diacetvlthvmine 


LI I UlltJo UlltllC 


v_ 113 


O 


Thvmine 

1 1 1 J lillllV 


trinVioQnn^tP 

Ll ILUlVJolJlICll.^ 


CH 3 


O 


Cvtosine 


tn nhn^nhatp 


CH; 


O 


4-(N-mono-acetyl)cytosine 


tn nhosnhatp 


CH 3 


O 


4-(N,N-diacetyl)cytosine 


tnnhfmnhatp 


CH; 


O 


Uracil 


t n n h o ^ n h a t p 

11 IL^l tUOUl lull/ 


CH; 


O 


5-Fluorouracil 


tnnhn'jnh r A\ p 

Ll ILyllWoLMlCHw 


CH, 


s 


2,4-O-Diacetyluracil 


triphosphate 


CH; 


s 


Hypoxanthine 


triphospahate 


TM 1 

IH3 


c 


z,4-vj-L^iaceiyunyTnine 


triphospahate 


CH; 


s 


Thymine 


triphospahate 


CH. 1 


s 


C\1osine 
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r ■ ■ 

monophosphate 


CF; 


0 


■ ■ \ p^\,i:ii n n i', 
2.4-O-niacetylthymine 



R 1 


R 6 


X i Base 

1 


monophosphate 


CF, 


O 


Thymine 


monophosphate 


CF, 


O 


Cylosinc 


! monophosphate 

i 


CF, 


o 


4-(N-mono-acetyl)cytosine 


monophosphate 


CF, 


o 


4-(N,N-diacetyl)cytos 


monophosphate 


CF 3 


o 


Uracil 


monophosphate 


CF., 


o 


5-Fluorouracil 


monophosphate 


CF 3 


s 


2,4-O-Diacetyluracil 


monophosphate 


CF 3 


s 


Hypoxanthine 


monophosphate 


CF 3 


s 


2,4-O-Diacetylthymine 


monophosphate 


CF, 


s 


Thymine 


monophosphate 


CF 3 


s 


Cytosine 


monophosphate 


CF 3 


s 


4-(N-mono-acetyl)cytosine 


monophosphate 


CF 3 


s 


4-(N,N-diacetyl )cytosine 


monophosphate 


CF 3 


s 


Uracil 


monophosphate 


CF 3 


s 


5-Fluorouracil 


acetyl 


CF 3 


o 


4-(N,N-diacetyl (cytosine 


acetyl 


CF 3 


s 


4-(N,N-diacetyl (cytosine 


acetyl 


2-bromo-vinyl 


o 


4-(N,N-diacetyl)cytosine 


acetyl 


2-bromo-vinyl 


s 


4-(N,N-di acetyl (cytosine 



Alternatively, the following nucleosides of Formula XVI are prepared, using the 
appropriate sugar and pyrimidine or purine bases. 



r'o s 



Base 



\ R 



% ? 



R" R' 
(XVI) 



II 



CI I ; 



li 



() Hypoxanthine 



Ol 



OH 



Mc 

"Me" 




R 1 


R 6 

i 


R 7 


R s 




Base 


R 10 


R* 


i H 


! CH, 


H 


| H 


O 


2,4-O-Diacetylthymine 


OH 


Me 


H 


CH, 


H 


H 


O 


Thymine 


OH 


Me 


H 


CH, 


i H 


H 


o 


Cytosine 


OH 


Me 


H 


CH ? 


H 


H 


o 


4-(N-mono-acetyl)cytosine 


OH 


Me 


H 


CH 3 


H 


H 


o 


4-(N,N-diacetyl)cytosine 


OH 


Me 


H 


CH, 


H 


H 


o 


Uracil 


OH 


Me 


H 


CH, 


H 


H 


o 


5-Fluorouracil 


OH 


Me 


H 


CH 3 


H 


H 


s 


2,4-O-Diacetyluracil 


OH 


Me 


H 


CH 3 


H 


H 


s 


Hypoxanthine 


OH 


Me 


H 


CH 3 


H 


H 


s 


2,4-O-Diacetylthymine 


OH 


Me 


H 


CH 3 


H 


H 


s 


Thymine 


OH 


Me 


H 


CH 3 


H 


H 


s 


Cytosine 


OH 


Me 


H 


CH 3 


H 


H 


s 


4-(N-mono-acetyl)cytosine 


OH 


Me 


H 


CH 3 


H 


H 


s 


4-(N,N-diacetyl)cytosine 


OH 


Me 


H 


CH 3 


H 


H 


s 


Uracil 


OH 


Me 


H 


CH 3 


H 


H 


s 


5-Fluorouracil 


OH 


Me 


monophosphate 


CH 3 


H 


H 


o 


2,4-O-Diacetyluracil 


OH 


Me 


monophosphate 


CH 3 


H 


H 


o 


Hypoxanthine 


OH 


Me 


monophosphate 


CH, 


H 


H 


o 


2,4-O-Diacetylthymine 


OH 


Me 


monophosphate 


CH 3 


H 


H 


o 


Thymine 


OH 


Me 


monophosphate 


CH 3 


H 


H 


o 


Cytosine 


OH 


Me 


monophosphate 


CH? 


H 


H 


0 


4-(N-mono-acetyl)cytosine 


OH 


Me 


f monophosphate 


CH, 

[ 


H | 


H 


o 


4-(N,N-diacctyl)cytosine 


OH 


Me 


monophosphate 


CH, 


H 

1 


H 


o 


Uracil 


OH 


Me 


monophosphate 


CH, 


H 


H 


o 


5-Fluorouracil 


OH 


Me 


monophosphate 


CH, 


H 


H 


s 


2,4-O-Diacetyluraci 1 


OH 


Me 


monophosphate 


CH, 


H 


H 


s 


Hypoxanthine 


OH 


Me 


monophosphate 


CH, 




H 


s 


2.4-O-Diacetylthymine 


OH 


Me 


■ :."i>:;"S'i-! 

monophosphate 


CH: 


H 


II 


s 


4-( N-mono-acet\ 1 (cytosine 


OH 


Me 




R 


R 


R ? 


R* 


X 


Base 




R 9 


monophosphate 


CH 3 


! H 


H 


s 


4-(N.N-diacetyl)cytosine 


OH 


Me 


monophosphate 


CH 3 


H 


H 


s 


Uracil 


OH 


Me 


; monophosphate 


CH, 

1 


i H 

1 


H 


s 


5-Fluorouracil 


OH 


Me 


diphosphate 


CH 3 


H 


H 


o 


2,4-O-Diacetyluracil 


OH 


Me 


diphosphate 


CH 3 


H 


H 


o 


Hypoxanthine 


OH 


Me 


diphosphate 


CH 3 


H 


H 


o 


2,4-O-Diacetylthyrnine 


OH 


Me 


diphosphate 


CH 3 


H 


H 


o 


Thymine 


OH 


Me 


diphosphate 


CH 3 


H 


H 


o 


Cytosine 


OH 


Me 


diphosphate 


CH 3 


H 


H 


o 


4-(N-rnono-acetyl)cytosine 


OH 


Me 


diphosphate 


CH 3 


H 


H 


o 


4-(N,N-diacetyl)cytosine 


OH 


Me 


diphosphate 


CH 3 


H 


H 


o 


Uracil 


OH 


Me 


diphosphate 


CH 3 


H 


H 


o 


5-Fluorouracil 


OH 


Me 


diphosphate 


CH 3 


H 


H 


s 


2,4-O-Diacetyluracil 


OH 


Me 


diphosphate 


CH 3 


H 


H 


s 


Hypoxanthine 


OH 


Me 


diphosphate 


CH 3 


H 


H 


s 


2,4-O-Diacetylthymine 


OH 


Me 


diphosphate 


CH 3 


H 


H 


s 


Thymine 


OH 


Me 


diphosphate 


CH 3 


H 


H 


s 


Cytosine 


OH 


Me 


triphosphate 


CH 3 


H 


H 


o 


2,4-O-Diacetyluracil 


OH 


Me 


triphosphate 


CH 3 


H 


H 


o 


Hypoxanthine 


OH 


Me 


triphosphate 


CH 3 


H 


H 


o 


2,4-O-Diacetylthymine 


OH 


Me 


triphosphate 


CH 3 


H 


H 


o 


Thymine 


OH 


Me 


triphosphate 


CH 3 


H 


H 


o 


Cytosine 


OH 


Me 


triphosphate \ 


CH 3 


H 


H 


o 


4-(N-mono-acetyl)cytosine 


OH 


Me 


triphosphate 


CH 3 


H 


H 


o 


4-(N,N-diacetyl)cytosine 


OH 


Me 


triphosphate 


CH 3 


H 


H 


o 


Uracil 


OH 


Me 


triphosphate 


CH 3 


H 


H 


o 


5-Fluorouracil 


OH 


Me 


triphosphate 


CH 3 


H 


H 


s 


2,4-O-Diacctyluracil 


OH 


Me 


triphosphate ! 


CH ? 


H 1 


H 


S ! 


Hypoxanthine 


OH 


Me 


: ; pru i>pi uu 
triphosphate 


CH-. 


H 


H 


s 


Cytosine 


OH 


Me 




R 1 


R 6 


R 


R 8 


X 


Base 


R 


R 9 


monophosphate 


CF 3 


H 


H 


o 


2,4-O-Diacctyluracil 


OH 


Me 


monophosphate 


CF 3 


H 


H 


o 


Hypoxanthine 


OH 


Me 


monophosphate 


CF 3 


H 


H 


o 


2,4-O-Diacetylthymine 


OH 


Me 


mononhosnhate 


CF 3 


H 


H 


o 


Thymine 


OH 


Me 


monophosphate 


CF 3 


H 


H 


o 


Cytosine 


OH 


Me 


monophosphate 


CF 3 


H 


H 


o 


4-( N-mono-acetyl)cytosine 


OH 


Me 


monophosphate 


CF 3 


H 


H 


o 


4-(N,N-diacetyl)cytosine 


OH 


Me 


mononhosohate 
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CF 3 


H 


H 


o 


Uracil 


OH 


Me 


mnnonhosnhate 


CF 3 


H 


H 


o 


5-Fluorouracil 


OH 


Me 




CFi 


H 


H 


s 


2,4-O-Diacetyluracil 


OH 


Me 


mononhosnhate 


CF 3 


H 


H 


s 


H\poxanthine 


OH 


Me 


mononhosnhate 


CF 3 


H 


H 


s 


2,4-O-Diacetylthymine 


OH 


Me 


mononhosnhate 


CF 3 


H 


H 


s 


Thymine 


OH 


Me 


mononhosohate 

1 1 ivy i ivy yj 1 1\-/ -* ^ w 


CFi 


H 


H 


s 


Cytosine 


OH 


Me 


monnnho^nhate 

HlVJllUUllUijUlltll^/ 


CF 3 


H 


H 


s 


4-(N-mono-acetyl)cytosine 


OH 


Me 


mnnnnhnsnhate 


CF^ 


H 


H 


s 


4-(N,N-di acetyl )cytosine 


OH 


Me 


m nn nn Vi n ^nh a t p 


CFi 


H 


H 


s 


Uracil 


OH 


Me 


mononhosnhate 
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CF. 


H 


H 


s 


5-Fluorouracil 


OH 


Me 


acetyl 


CH 3 


H 


H 


o 


4-(N,N-diacetyl)cytosine 


H 


Br 


acetyl 


CH 3 


H 


H 


s 


4-(N,N-diacetyl)cytosine 


H 


Br 


acetyl 


CH 3 


OH 


H 


o 


4-(N,N-diacetyl)cytosine 


H 


Br 


acetyl 


CH 3 


OH 


H 


s 


4-(N,N-diacetyl)cytosine 


H 


Br 



Example 2: Preparation of 2'-C-methvlrihoadenine 



The title compound was prepared according to a published procedure (R.E. Harry- 
O'kuru. J.M. Smith, and M.S. Wolfe. "A short, flexible route toward 2 1 -C-branched 



BzO 



BzO OH 



OBz 



Scheme 8 

BzQ ~y°^ b - c 

I VOBz 
BzO O 



BzO 



OBz 



BzO OBz 



R = CH, 



HO 



NHBz 
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BzO 



OH OH 



<'X j 



BzO BzO 



(a) Dess-Martin periodinane; (b) MeMgBr / TiCl 4 ; (c) BzCl, DMAP, Et 3 N; (d) 
bis(trimethylsilyl)acetamide, N 6 -benzoyl adenine, TMSOTf; (e) NH 3 / MeOH 

In a similar manner, but using the appropriate sugar and pyrimidine or purine bases, 
the following nucleosides of Formula II are prepared. 



R'O 




(") 



wherein: 



R 1 


R 


R 3 


X 1 

1 


X 2 


Y 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


NH 2 


H 


H 


H 


H 


H 


NH-cyclopropyl 


H 


H 


H 


H 


H 


NH-methyl 


H 


H 


H 


H 


H 


NH-ethyl 


il 


1 1 


11 


11 


11 


OMc 


[1 


H 


H 


11 


H 


OEt 




i R1 

1 


A - " ----- - 

R" 




X 1 


X s 


Y 


r 

! H 


H 


i H 


H 


H 


O-cyclopropyl 


H 


H 


H 


H 


H 


O-acetyl 


H 


H 


H 


H 


H 


SH 


H 


H 


H 


H 


H 


SMe 


H 


H 


H 


H 


H 


SEt 


H 


H 


H 


H 


H 


S-cyclopropyl 


H 


H 


H 


H 


H 


F 


H 


H 


H 


H 


H 


CI 


H 


H 


H 


H 


H 


Br 


H 


H 


H 


H 


H 


I 


monophosphate 


H 


H 


H 


H 


NH 2 


monophosphate 


H 


H 


H 


H 


NH-acetyl 


monophosphate 


H 


H 


H 


H 


NH-cyclopropyl 


monophosphate 


H 


H 


H 


H 


NH-methyl 


monophosphate 


H 


H 


H 


H 


NH-ethyl 


monophosphate 


H 


H 


H 


H 


OH 


monophosphate 


H 


H 


H 


H 


O-acetyl 


monophosphate 


H 


H 


H 


H 


OMe 


monophosphate 


H 


H 


H 


H 


OEt 


monophosphate 


H 


H 


H 


H 


O-cyclopropyl 


monophosphate 


H 


H 


H 


H 


SH 


monophosphate 


H 


H 


H 


H 


SMe 


monophosphate 


H 


H 


H 


H 


SEt 


monophosphate 


H 


H 


H 


H 


S-cyclopropyl 


monophosphate 


H 


H 


H 


H 


F 


mononhosnhate 


H 


H 


H 


H 


CI 


monophosphate 


H 


H 


H 


H 


Br 


monophosphate ! 
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H 


H 


H 


I 


..p; u » > p i i . i. .. 
diphosphate 


H 


K 


11 


H 


NH-cyclopropyl 
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R" 


R 3 
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diphosphate 


H 


H 


H 


H 


NH-methyl 


diphosphate 


H 


H 


H 


H 


NH-ethyl 


diphosphate 


H 


H 


H 


H 


OH 


diphosphate 


H 


H 


H 


H 


O-acctyl 


diphosphate 


H 


H 


H 


H 


OMe 


diphosphate 


H 


H 


H 


H 


OEt 


diphosphate 


H 


H 


H 


H 


O-cyclopropyl 


diphosphate 


H 


H 


H 


H 


SH 


diphosphate 


H 


H 


H 


H 


SMe 


diphosphate 


H 


H 


H 


H 


SEt 


diphosphate 


H 


H 


H 


H 


S-cycIopropyl 


diphosphate 
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H 


H 


H 


H 


F 


diphosphate 


H 


H 


H 


H 


CI 


diphosphate 


H 


H 


H 


H 


Br 


diphosphate 
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H 


H 


H 


I 


triphosphate 
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H 


H 


NH 2 


triphosphate 


H 


H 


H 


H 


NH-acetyl 


triphosphate 


H 
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H 


H 
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acetyl 


acetyl 


H 


CI 


NH 2 


acetyl 


acetyl 


acetyl 


H 


CI 


NH-cyclopropyl 


acetyl 


acetyl 


acetyl 


H 


CI 


OH 


mnnnnhosnhate 


acetyl 


acetvl 


H 


CI 


NH 2 


monophosphate 


acetyl 


acetyl 


H 


CI 


NH-cyclopropyl 


monophosphate 


acetyl 


acetyl 


H 


CI 


OH 


diphosphate 


acetyl 


acetyl 


H 


CI 


NH 2 


dinhosnhate 


acetyl 


acetyl 


H 


CI 


NH-cyclopropyl 


dinhosnhate 


acetyl 


acetyl 


H 


CI 


OH 


trinhosnhate 


acetyl 


acetvl 


H 


CI 


NH 2 


trinhosnhate 


acetyl 


acetyl 


H 


CI 


NH-cyclopropyl 


trinhosohate 


acetyl 


acetyl 


H 


CI 


OH 


H 


H 


H 


H 


CI 


NH 2 


H 


H 


H 


H 


CI 


NH-cyclopropyl 


H 


H 


H 


H 


CI 


OH 


H 


H 


H 


H 


Br 


NH 2 


H 


H 


H 


H 


Br 


NH-cyclopropyl 


H 


H 


H 


H 


Br 


OH 



Alternatively, the following nucleosides of Formula V are prepared, using the 
appropriate sugar and pyrimidine or purine bases. 




OR 2 OR" 



(V) 



wherein: 



R 1 


R" 


R 3 


i 

X 1 


Y 


H 


H 


H 


H 


H 


H 


H 


H 


H 


NH 2 


H 


H 


H 


H 


NH-cyclopropyl 


H 


H 


H 


H 


NH-methyl 


H 


H 


H 


H 


NH-ethyl 


H 


T T 

H 


T T 
H 


TJ 


NH-acetyl 


H 


H 


H 


H 


OH 


H 


H 


H 


H 


OMe 


H 


H 


H 


H 


OEt 


H 


H 


H 


H 


O-cyclopropyl 


H 


H 


H 


H 


O-acetyl 


H 


H 


H 


H 


SH 


H 


H 


H 


H 


SMe 


H 


H 


H 


H 


SEt 


H 


H 


H 


H 


S-cyclopropyl 


monophosphate 


H 


H 


H 


NH 2 


monophosphate 


H 


H 


H 


NH-acetyl 


monophosphate 


H 


H 


H 


NH-cyclopropyl 



monophosphate t. 



monophosphate H H H O-acetyl 




R 1 

IX 


r 2 i 

! 


R 3 


X 1 


Y 


nionopnuspi laic 


H 


H 


H 


OMe 


nionopnospnaic 




H 


H 


OEt 


*-v-» rvn A t"\ \r\ t A C TA n '1 1 P 

nionopnospiiaic 


H 


H 


H 


O-cyclopropyl 


ITlUIlUpnUopLlclLC 


H 


H 


H 


SH 


niUIlVjpi lDbpilalt 


H 


H 


H 


SMe 


niOIlOpilVJbpi laic 


H 


H 


H 


SEt 


monopnospiiaLc 


H 


H 


H 


S-cyclopropyl 


diphosphate 


H 


H 


H 


NH 2 


Qipnospndic 


H 


H 


H 


NH-acetyl 


aipnospndie 


H 
1 1 


H 


H 


NH-cyclopropyl 


Qipnospndie 


H 


H 


H 


NH-methyl 


Qipnospndic 


H 
1 1 


H 


H 


NH-ethyl 


aipnospnaie 


1 1 


H 


H 


OH 


diphosphate 


ri 


H 


H 


O-acetyl 


diphosphate 


n 


H 


H 


OMe 


Qipnospnaic 


n 


H 


H 


OEt 


Qipnospndic 


H 
1 1 


H 


H 


O-cyclopropyl 


Qipnospndic 


H 


H 


H 


SH 


Qipnospndic 


H 
1 1 


H 


H 


SMe 


diphosphate 


n 


H 


H 


SEt 


aipnospnaie 


H 
1 1 


H 


H 


S-cyclopropyl 


tnpnospndie 


H 


H 


H 


NH 2 


inpnobpiidit: 


H 


H 


H 


NH-acetyl 


inpiiobpiidic 


H 


H 


H 


NH-cyclopropyl 


triphosphate 


H 


H 


H 


NH-methyl 


triphosphate 


H 


T T 

H 


ri 


vu i3tVi\/l 
in n-ciny i 


triphosphate 


H 


H 


H 


OH 




-t— 

1 1 


1 H 


H 


- OMe 


triphosphate 


* II 


: H 


' 11 


O-acetyl 




0 1 1 
R 


IX 1 


R 3 


X 1 | 


Y 


triphosphate 


1 1 


H 


H 


SH 


triphosphate 


H 
1 1 


H 


H 


SMe 


triphosphate 


n 


JI 


H 


SEt 


triphosphate 


i_j 
n 


u 
1 1 


H 


S-cyclopropyl 


monophosphate 


monopnospnaie 


IJlUUUUllUjpUui^ 


H 


NH 2 


monophosphate 


monopnospnaic 


mnnnnhn^nh 'a\ p 


H 


NH-cyclopropyl 


monophosphate 


monopnospiidic 


mnnnnhn^nhatp 


H 


OH 


diphosphate 


UipilUbpUaLC 


rl inh o^nVi a t p 


H 


NH 2 


diphosphate 


UipilOSpilaLC 


Hinrio'snhatP 

\A i VJ l 1 VJ .3 1 / I 1 CI I \~ 


H 


NH-cyclopropyl 


diphosphate 


aipnospndic 


H i nhncn \*\ r A t P 


H 


OH 


triphosphate 


triphosphate 


t t i v\ It c n ' 1 1 
U lpilUopilalC 


H 


NH 2 


triphosphate 


triphosphate 


lIipilOopilaLC 


H 


NH-cyclopropyl 


triphosphate 


iripnospnaie 


tn nVincn Vi fifp 


H 


OH 


H 


TT 

n 


1 1 


F 


NH 2 


T T 

H 


TT 

rl 


H 
1 1 


F 


NH-cyclopropyl 


H 


TT 

n 


H 
n 


F 


OH 


H 


IT 

H 


n 


CI 


NH 2 


H 


TT 

rl 


u 
n 


CI 


NH-cyclopropyl 


H 


T J 

H 


11 


CI 


OH 


H 


TT 

ri 


H 
1 1 


Br 


NH 2 


T T 

H 


1 1 
1 1 


H 


Br 


NH-cyclopropyl 


H 


i H 




Br 


OH 


H 


1 1 

1 ri 


t H 
1 1 


NH 2 

i_ 


NH 2 


! H 


T I 

H 


u 
r l 


NH : 


N H - c yc lop rop y 1 


H 


H 


H 


NH 2 


OH 


H 


H 


H 


SH 


NH 2 


H 


H 


H 


SH 


NH-cyclopropyl 


T T 


I T 


H 


SH 


OH 


a C I;, i 

acetvl 


II 




' H 


"\ : ! v ■- v h >Pi op \ 

OH 



• 



K 


R 2 


R 3 ! 


X 1 j 


Y 


acetyl 


H 


H 


F 


NH : 


acetyl 


H 


H 


F 


NH-cyclopropyl 


acetyl 


H 


H 


F 


OH 


IT 
O 


oppt vl 


acetyl 


H 


NH 2 


o 


QPPt vl 
CIV ^ L_> 1 


acetvl 


H 


NH-cyclopropyl 


ri 


QfPt vl 


acetyl 


H 


OH 


acetyl 


dtCL VI 


acetyl 


H 


NH 2 


acetyl 


dcei yi 


oppt vl 


H 


NH-cyclopropyl 


acetyl 


o r* t=*t \/l 


acetyl 


H 


OH 


monophosphate 


Qr'f^t \/l 


acetyl 


H 


NH 2 


monopnospndLc 


atti y i 


acetyl 


H 


NH-cyclopropyl 


monophosphate 


aLCL y 1 


acetyl 


H 


OH 


diphosphate 


aL ciy 1 


acetyl 


H 


NH 2 


diphosphate 


aceiyi 




H 


NH-cyclopropyl 


diphosphate 


acetyl 


acetyl 


H 


OH 


triphosphate 


acetyl 


acetyl 


H 


NH 2 


triphosphate 


acetyl 


acetyl 


H 


NH-cyclopropyl 


triphosphate 


acetyl 


acetyl 


H 


OH 



Alternatively, the following nucleosides of Formula X are prepared, using the 
appropriate sugar and pyrimidine or purine bases. 

Base 



R'O. 



OFT OR" 

(X) 



Hi acetvl uracil 



2 s 




K 


o - 1 
ix ! 


R 3 


R 6 ! 


x 


Base 


i — - — — r 

IT 

H 


— - — — r 

H \ 

11 ; 


H 




0 


Hypoxanthine 


T 1 

H 


n 

! 


H 

i 


CH; j 


0 


2,4-0- 

Diacetylthymine 


H 


11 


H 
1 1 


CH 3 


0 


Thymine 


H 


H 


H 


CH 3 


0 


Cytosine 


H 


IT 


ri 


1 1 3 


0 


4-(N-mono- 
acetyl)cytosine 


i j 

H 


ii 
ri 


H 


CH 3 


0 


4-(N,N- 

diacetyl)cytosine 


H 


TJ 


o 
rl 




0 


Uracil 


H 


TJ 


1 1 


\^ 1 13 


0 


5-Fluorouracil 


H 


H 


H 


CH 3 


s 


2,4-0- 

Diacetyluraci 


T T 

H 


TJ 

n 


j i 


CH 3 


s 


Hypoxanthine 


H 


TJ 

rl 


T-J 

n 


113 


s 


2 4-0- 

Diacetylthymine 


H 


TJ 

rl 


T_J 

ri 


rn, 

1 13 


s 


Thvmine 

1 11 y 111111 v 


H 


H 


H 


CH 3 


s 


Cytosine 


H 


TJ 


i j 
it 


v_ 1 13 


s 


4-(N-mono- 
acetyl)cytosine 


T T 

H 


n 
n 


H 


CH 3 


s 


4-(N,N- 

diacetyl)cytosine 


H 


1 1 

H 


u 
1 1 


v_. 1 1 3 


s 


Uracil 


I T 

H 


1 1 


H 
1 1 


cht 


s 


5-Fluorouracil 


monophosphate 


H 


H 


CH3 


0 


2,4-0- 

Diafptvlnraci 1 


monophosphate 


H 


H 


CH3 


0 


Hypoxanthine 


monophosphate 


T T 

H 


ri 


^ n 3 


1 0 

! v J 




monophosphate 


" n 


' H 


CM: 


0 


Cytosine 



R 1 i 

i 


rr i 


fF ! 


R 6 


X 1 


Base 


monophosphate 


T J 

H 


i 1 


CFF 


o"t 


4-(N-mono- 
acetyl)cytosine 


monophosphate 


LI 

n 


H 


CH 3 


0 


4-(N,N- 

diacetyl)cytosine 


monophosphate 


u 
n 


H 


CH 3 


0 


Uracil 


monophosphate 


TJ 

ri 


n 


CFh 


0 


5-Fluorouracil 


monophosphate 


H 


H 


CH 3 


s 


2,4-0- 

Diacetyluracil 


monophosphate 


II 

ii 


H 


CH 3 


s 


Hypoxanthine 


monophosphate 


it 

ri 


n 


CH 3 


s 


2A-0- 

Diacetylthym 


monophosphate 


ri 


LJ 

n 


V_ 1 1 j 


s 


Thymine 


monophosphate 


H 


H 


CH 3 


s 


Cytosine 


monophosphate 


T T 

H 


TJ 

n 


CU? 


s 


4-(N-mono- 
acetyl)cytosine 


monophosphate 


ri 


H 


CH 3 


s 


4-(N,N- 

diacetyl)cytosine 


monophosphate 


IT 

ri 




CH 3 


s 


Uracil 


monophosphate 


H 


TJ 

ri 


V_ 113 


s 


5 -Fluoro uracil 


diphosphate 


H 


H 


CH 3 


0 


2,4-0- 

Diacetyluracil 


diphosphate 




H 
1 1 


CH 3 


0 


Hypoxanthine 


f— ■ ■ 

I diphosphate 

i 


I J 

I ri 


H 

i 1 1 


CH } 


0 

i 

! 


2,4-0- 

Diacetylthymine 


diphosphate 


H 


H 


CH 3 


0 


Thymine 


diphosphate 


H 


H 


CH 3 


0 


Cytosine 


diphosphate 

I 


H 


H 


CH 3 


0 


4-(N-mono- 
acetyl)cytosine 


diphosphate 

1 ; nh' ^p 1v,T - 


H 
' H 


Ii 

. _ 


C'H ; , 
' ( II 


0 


Uracil 

5-Fluorouracil 



d* i 
R 


K 


R* ! 

IX 


R 6 


X 1 


Base 


diphosphate 


H 


H 

! 


CH 3 

! 


s 


2,4-0- 

Diarpt vl lira 01 1 


diphosphate 


I T 

H 


IT ! 

H ! 


ru- t 
n : 


s 


H vno\ n n t h 1 n c 


diphosphate 


IT 

H 


i J 
1 1 


PH. 


s 


2,4-0- 

Diacetylthym 


diphosphate 


1 1 

H 


H 
M 




s 


Th vrnine 

1 1 1 Y 1X1111V 


diphosphate 


IT 

H 


o 
11 




s 


P vtosine 


triphosphate 


H 


H 


CH 3 


0 


2,4-0- 

Tji pppfvli lrflri 1 


triphosphate 


H 


IT 

H 


L113 


n 


1— f \ rt~\ 0 v Qntn inp 
nyuuAauuiiiiL 


triphosphate 


H 


u 


PH. 


o 

w 


0 4-0- 

Diacetylthymine 


triphosphate 


T T 

H 


IT 

n 


n 3 


n 


TH vmi tip 


triphosphate 


H 


H 


ch 3 


0 


Cytosine 


triphosphate 


H 


T T 

H 


on 
L H 3 




H"-^ IN -IIIUIIO- 

Mrftvl Vvtn^itif 1 


triphosphate 


T T 

H 


TT 

ri 


PR. 

^ n 3 




H— \ 1N,1>- 

diacetyl)cytosine 


triphosphate 


T I 

H 


TT 

M 


PH. 
v n.3 


O 


Uracil 


triphosphate 


T T 

H 


IT 

n 


PH. 
v 1 1 3 




S - T^lnnroiirjrCi 1 


triphosphate 


H 


H 


CH 3 


s 


2,4-0- 

Oi arptvl 11 ran 1 


i - — - — - — 

triphosphate 

i 


! H 


IT 

M 


i PH^ 
I 0 3 




H vnox ant hinp 

1 1 V LJVJ AU.1111 1 1 1 IV 


| triphosphate 


IT 

H 


IJ 
n 


v_ I 1 3 


S 


2A-0- 

Diacetylthymine 


triphosphate 


H 


H 


ou 


c 


Thymine 


triphosphate 


! H 


H 


CH 3 


s 


Cytosine 


monophosphate 


monophosph ate 


1 

monophosphate 


CF. 


! 0 


2.4-0- 


monophosphate 


monophosphate 


monophosphate 




0 





Diacetvlth vmine 




' — ^ ! 


R" | 


R 3 


R 6 ~~ 


X 


Base 


_ 1 

monophosphate 


IIlUIHJpilUbpilu.lL- 


monnnlio^nh^ite 


CF ? 


o 


Thymine 


monophosphate 


monophosphate 


monophosphate 


CF 3 


o 


Cytosine 


monophosphate j 


mUIlUUI lUopilu-LC 


m nn on ho^nh at c 


CF 3 


o 


4-(N-mono- 
acetyl)cytosine 


monophosphate 


monopnospiidie 


lHUlUJUllUoJJllcln^ 


CF^ 


o 


4-(N,N- 

diacetyl)cytosine 


monophosphate 


monopnospnaie 


lHUlUJUIUJoJJllcllV- 


CF^ 


o 


Uracil 


monophosphate 


monopnospiidie 


m r\ n o r» Vi n ^ n Vi ?i t P 


CF^ 


o 


5-Fluorouracil 


monophosphate 


monophosphate 


monophosphate 


CF 3 


s 


2,4-0- 

Diacetyluracil 


monophosphate 


monopnospnaie 


1 1 1UI 1U Ul IVJo jJlldLV^ 


CFi 


s 


Hypoxanthine 


monophosphate 


monophosphate 


IIlUIlUpilUopila.lC 


CFi 


s 


2 4-0- 

Diacetylthymine 


monophosphate 


monopnospnaie 


m r\ n p» Vi Q r> n £1 1 P 
1 IIUIIU JJiivjo^Ji icilv^ 


CF^ 


s 


Thymine 


monophosphate 


monophosphate 


monophosphate 


CF 3 


s 


Cytosine 


monophosphate 


monopnospnaie 


■m ti or\Vir\cn Vi atp 

rnuiiupiiuopiidLt; 


CFi 


s 


4-(N-mono- 
acetyl)cytosine 


monophosphate 


monophosphate 


inoiiupiiuspiiaic 


CF^ 

^ 1 3 


s 


4-(N,N- 

diacetyl)cytosine 


monophosphate 


monophosphate 


1 1 1 U 1 1 U U 1 l\J S U 1 1 <X L t 


CFi 


s 


Uracil 


monophosphate 


monophosphate 


monophosphate 


CF 3 


s 


5-Fluorouracil 


acetyl 

1 
1 


acetyl 

i 




CFi 

j 


o 


4-(N,N- 

diacetyl)cytosine 


acetyl 


acetyl 


\ acetyl 


1 CF- 

! 


1 s 


4-(N,N- ! 
diacetyl)cytosine 


acetyl 


acetyl 


acetyl 


2-bromo- 
vinyl 


o 


4-(N,N- 

diacetyl)cytosine 


acetvl 


1 acetyl 


! acetyl 


2-bromo- 


s 


4-(N,N- 



mianme 




R 1 1 
K 1 

— — ~~\ 


R" 
rv 


R 3 


R 6 


X 


Base 


T I i 

H 


H r 

1 1 


H 




Chh 


O 


6-O-acetyl 
guanine 


, ( 

H 


_ — f 

n i 


H 


CH^ 


O 


8-fluoroguanine 


u 
ri 


H 
n 


H 


CH 3 


O 


guanine 


IT 

ri 


H 


H 


CH 3 


O 


6-(N,N-diacetyl)- 
adenine 


IT 

ri 


n 


H 


CH^ 


O 


2-fluoroadenine 


T T 

ri 


T-J 

n 


H 


CH 3 


O 


8-fluoroadenine 


H 


H 


H 


CH 3 


O 


2,8-difluoro- 
adenine 


H 


H 


H 


CH 3 


O 


adenine 


T T 

H 


ri 


H 




V. 1 1 J 


s 


2-(N,N-diacetyl)- 
guanine 


T T 

H 


TT 

ii 


H 




* — 1 13 


s 


6-O-acetyl 
guanine 




T_r 
n 


H 


CH 3 


s 


8-fluoroguanine 


TT 

ri 


u 
n 


H 


CH 3 


s 


guanine 


TT 

ri 


n 


H 


CH 3 


s 


6-(TS[,N-di acetyls- 
adenine 


TT 

ri 


u 
ri 


H 


1 A3 


s 


2-fluoroadenine 


TT 

H 


u 

n 


H 




s 


8-fluoroadenine 


H 

i 


H 


H 

1 




CH, 

! 

1 
I 


s 


2,8-difluoro- 
adenine 


H 


H 


H 




| CH 3 


! S 


adenine 


monophosphate 


H 


H 


S CH 3 


0 


2-(N,N-diacetyl)- 
guanine 


monophosphate 


H 


H 




CH 3 


0 


6-O-acetyl 
guanine 


: : :o; u )piio>pnak- 
monophosphate 


H 


' H 






0 


0-( N.N-diacetyl )- 



adenine 



R 1 l 


IV 




R 6 


X j 


Base 


monophosphate 


n 


H 


CH? 


0 


2-fluoroadenine 


monophosphate 


n ] 


H 


CH 3 


0 

1 


8-fluoroadenine 


monophosphate 


H 


II 


CH, 


0 


2,8-difluoro- 
adenine 


monophosphate 


H 


H 


CH ? 


0 


adenine 


monophosphate 


TJ 


u 
o 


V. 1 1 j 


s 


2-(N,N-diacetyl)- 
guanine 


monophosphate 


T T 

r i 


H 


CH3 


s 


6-O-acetyl 
guanine 


monophosphate 


u 
ri 


n 


v„ i 13 


s 


8-fluoroguanine 


monophosphate 


TJ 


T_r 
n 


V- 1 13 


s 


guanine 


monophosphate 


TJ 


H 
1 1 


CH 3 


s 


6-(N,N-diacetyl)- 
adenine 


monophosphate 


IT 

n 


H 
i i 


CH 3 


s 


2-fluoroadenine 


monophosphate 


IT 

ri 


1 1 


CH 3 


s 


8-fluoroadenine 


monophosphate 


H 


H 


CH 3 


s 


2,8-difluoro- 
adenine 


monophosphate 


H 


H 


CH 3 


s 


adenine 


diphosphate 


IT 

Jri 


1 1 


v. 1 1 j 


0 


2-(N,N-diacetyl)- 
guanine 


diphosphate 


TI 

M 


H 


CH 3 


0 


6-O-acetyl 
guanine 


diphosphate 


ri 


i H 


CFh 


0 


8-fluoroguanine 


diphosphate 


T I 

H 


n 


CHh 


0 


guanine 


diphosphate 


H 


H 


CH 3 


0 


6-(N,N-diacetyl)- 

0 H f*V\ 1 Tl P 

aUtl 11 1 it- 


diphosphate 


H 


H 


CH 3 


0 


2-fluoroadenine 


diphospn ate 


T I 


H 
1 1 


v 1 1 3 


0 


8-fluoroadenine 


diphosphate 


* H 


' ii 


I'll; 


() 


adenine 



R 1 j 


R" ! 




~R* ! 


x j 


Base 


diphosphate 

. ( 


II 
I 1 


H 1 
1 1 




s 


2-(N,N-diacetyl)- 
guanine 


diphosphate 


n 


H 


CH 3 


s 


6-O-acetyl 
guanine 


diphosphate 


n 


H 


CH 3 


s 


S-fluoroguanine 


diphosphate 


il 


H 


CH 3 


s 


guanine 


diphosphate 


TT 

n 


H 
1 1 


CHi 


s 


6-(N,N-diacetyl)- 
adenine 


diphosphate 


TT 

n 




CH 3 


s 


2-fluoroadenine 


diphosphate 


IT 

n 


H 


CH 3 


s 


8-fluoroadenine 


diphosphate 


H 


H 


CH 3 


s 


2,8-difluoro- 
adenine 


diphosphate 


H 


H 


CH 3 


s 


adenine 


triphosphate 


TT 

ri 


ii 


V— - 1 A 3 


o 


2-(N,N-diacetyl)- 
guanine 


triphosphate 


TT 

rl 


H 


CH 3 


o 


6-O-acetyl 
guanine 


triphosphate 


TT 

n 


H 

n 


CH 3 


o 


8-fluoroguanine 


triphosphate 


TT 

o 


n 


CH 3 


o 


guanine 


triphosphate 


T T 

H 


TT 

rl 


V^Ilj 


o 


6-(N,N-diacetyl)- 
adenine 


triphosphate 


ii 
ii 


H 
1 1 


CH? 


o 


2-fluoroadenine 


triphosphate 


i h 


H 


j CH ? 


o 


8-fluoroadenine 


triphosphate 


ii 


n 


j 


o 


2,8-difluoro- 
adenine 


triphosphate 


1 T T 

H 


T T 

H 


i~ ri 3 


n 


?-fN N-diacetvlV- 
guanine 


triphosphate 


H 


t 

! H 


ii 

L ri 3 


! <v 

! o 


O- VJ-att iy 1 


' HM Ml ls]V'U|[; 

triphosphate 


' H 


11 


C H 


s 


guanine 



R 


K ! 


R 3 


R 6 ! , 


X 


Base 1 

! 


^ — r; \ 

triphosphate 


M 


H 
1 1 


CH 3 




6-(N,N-diacetyl)- 
adenine 


triphosphate 


T J 

H 


IT. 


CH * 


s 


2-fluoroadenine 


triphosphate 


r j 

H 


1-1 

n 


CFU 


s 


8-fluoroadenine 


triphosphate 


H 


H 


CH 3 


s 


2,8-difluoro- 
adenine 


triphosphate 


H 


H 


CH 3 


s 


adenine 


monophosphate 


monophosphate 


monopnospiiaic 


CF^ 


o 


2-(N,N-diacetyl)- 
guanine 


monophosphate 


monophosphate 


monopnospnate 


CF^ 


o 


6-O-acetyl 
guanine 


monophosphate 


monophosphate 


IllOnopiUJiipllalt 




o 


8-fluoroguanine 


monophosphate 


monophosphate 


mnnnnViocnnJltP 

nnjiiupiiub jjiicut 


v 1 3 


o 


guanine 


monophosphate 


monophosphate 


IIlUIlOpilUbpilaLt; 


CF^ 


o 


6-(N,N-diacetyl)- 
adenine 


monophosphate 


monophosphate 


monopiiobpiiaic 


CFi 

\^ l 3 


o 


2-fluoroadenine 


monophosphate 


monophosphate 


moiiopiiubpiiciic 


CF^ 


o 


8-fluoroadenine 


monophosphate 


monophosphate 


monophosphate 


CF 3 


o 


2,8-difluoro- 
adenine 


monophosphate 


monophosphate 


monophosphate 


CF 3 


o 


adenine 


monophosphate 


monophosphate 


mOIlOpilUbpi lu.lt 


CFt 

^ 1 3 


s 


2-(N,N-diacetyl)- 
guanine 


I — 

: monophosphate 

i 


! monopnospnate 


1 II 1 OIlOlMlUSjMluLt 

i 


CF^ 


s 


6-O-acetyl 
guanine 


monophosphate 


monophosphate 


monophosphate 


CF 3 


s 


8-fluoroguanine 


monophosphate 


monophosphate 


monophosphate 


CF 3 


s 


guanine 


^ monophosphate 


monophosphate 


monophosphate 

I 


CF; 


s 


6-(N,N-diacetyl)- 


' li ' ll, P iil, S' ;K; ^ 
monophosphate 


monophosphate 


monophosphate 




s 


2.8-ditluoro- 



adenine 



1 r 1 R- R' R' ; [ 

1 * ■ -i 


X Base 


monophosphate 


monophosphate monophosphate 


CF3 




adenine 


acetyl 


acetvl acetyl 

i 


CF 3 


0 


guanine 


acetyl acetyl 


acetyl 


CF 3 


S 


guanine 


acetyl 


acetyl 


acetyl 


2-bromo- 
vinyl 


O 


guanine 


acetyl 


acetyl 


acetyl 


2-bromo- 
vinyl 


s 


guanine 



Alternately, the following nucleosides of Formula XI are prepared, using the 
appropriate sugar and nyrimidine or purine bases. 



R ] 0 



Base 



R° 



oir r 
(XI) 



wherein: 



R 1 


R 2 


R 7 


R 6 


X 


Base 


H 


H 


H 


CH 3 


O 


2,4-O-Diacetyluracil 


H 


H 


H 


CH? 


O 


Hypoxanthine 


! H 


H 


H 


CH, 


O 


2,4-O-Diacetylthymine 


j H 


H 


1 CH? 




Thymine 


H 


H 


H 


CH ? 


0 


Cytosine 


H 


H 


H 


CH 3 

i 


0 


4-(N-mono- 
acetyl)cytosine 


H 


'■ H 


H 




0 


4-(N,N-diacctyl)cylosine 



II 



ill-. 
cn7 



>> 2.4-( )-l)iacet\ luraci! 

S Hvpoxanthine 




o 1 
K 




R 7 


R 6 i 

i 


X 


— — - ■ 1 

Base 


H 




H— f 




s 


2,4-O-Diacetylthyminc 


H 


■ — - — r 

M ! 

j 


H 


CH^ 


s 


Thymine 


H 


ti 


H 


CFU 


s 


Cytosine 


H 


o 
ri 


H 

1 X 


CFU 


s 


4-(N-mono-acetyl)cytosin 


H 


1 1 


H 


CH 3 


s 


4-(N,N-diacetyl)cytosine 


H 


1 1 


H 


CH 3 


s 


Uracil 


H 


TJ 
I 1 


H 


CH 3 


s 


5-Fluorouracil 








CFU 






monophosphate 


IT 


1 1 


V_ 1 1 J 


0 


2,4-O-Diacetyluracil 


monophosphate 


IT 

H 


14 
11 


v_ 1 1 3 


0 


Hypoxanthine 


monophosphate 


H 


H 


CH 3 


0 


2,4-O-Diacetylthymine 


monophosphate 


ri 


ii 


v_ 113 


0 


Thymine 


monophosphate 


T T 

H 


n 


v^, 1 1 3 


0 


Cytosine 


monophosphate 


T T 

ri 


n 


v_ 1 13 


0 


4-(N-mono- 
acetyl)cytosine 


1 1 4- 

monophosphate 


T ] 

ri 


ri 


v_. 113 


0 


4-(N,N-diacetyl)cytosine 


monophosphate 


11 


H 
1 1 


CH3 


0 


Uracil 


monophosphate 


r 1 


H 


CH 3 


0 


5-Fluorouracil 


monophosphate 


it 


H 


CH3 


s 


2,4-O-Diacetyluracil 


monophosphate 


IT 


i i 


CFh 

v_ 1 13 


s 


Hypoxanthine 


monophosphate 


H 


H 


CH 3 


s 


2,4-O-Diacetylthymine 


! , monophosphate 


i j 

i H 

i 


i n 


1 1 1 


s 


Thymine 


monophosphate 


V J 


1 1 


' Crh 


s 


Cytosine 


monophosphate 


\ ri 


i H 


v_ 1 1 3 


s 


4-(N-mono- 
acetyl)cytosine 


monophosphate 


H 


H 


CH 3 


s 


4-(N,N-diacetyl)cytosine 


monophosphate 


H 


H 


CH 3 


s 


Uracil 




T T 


T ? 


rn- 


1 s 


5-Fluorouracil 


diphosphate 
diphosphate 


" H 




* (11; 


* 0 


: 1 \ m * \ a\ } U i UK 

2.4-O-Diacetylthymine 



R' 


R 2 H?" 


r* r 


X 


Base 


diphosphate 


H 


H 


"cPu — ] 


O 


Thymine 


diphosphate 


H 


H 


CH, 


O 


Cytosine 


diphosphate 


H 


H 


CIT 


O 


4-(N-mono- 
acetyl)cytosine 


diphosphate 


H 


H 


CH^ 


O 


4-(N,N-diacetyl)cytosine 


diphosphate 


H 


1 T 

H 


CH^ 


O 


Uracil 


diphosphate 


H 


H 


CH 3 


O 


5-Fluorouracil 


diphosphate 


H 


H 


CH, 


s 


2,4-O-Diacetyluracil 


diphosphate 


H 


H 


CH 3 


s 


Hypoxanthine 


diphosphate 


H 


H 


CH^ 


s 


2,4-O-Diacetylthym 


diphosphate 


H 


H 


CH^ 


s 


Thymine 


diphosphate 


H 


H 




s 


Cytosine 


triphosphate 


H 


H 


CHu 


0 


2,4-O-Diacetyluracil 


triphosphate 


H 


H 


CH3 


0 


Hypoxanthine 


triphosphate 


H 


H 


CH3 


0 


2,4-O-Diacetylthymine 


triphosphate 


H 


H 


CHi 


0 


Thymine 


triphosphate 


H 


H 


v^,i 13 


0 


Cytosine 


triphosphate 


H 


H 


v_ 113 


0 


4-(N-mono- 
acetyl)cytosine 


triphosphate 


H 


H 


CH^ 


0 


4-<N,N-diacetyl)cytos 


triphosphate 


H 


T T 

H 


CH 3 


0 


Uracil 


triphosphate 


H 


H 


CH 3 


0 


5-Fluorouracil 


triphosphate 


I H 


1 T T 

! H 


CHi 


1 s 


2,4-O-Diacetyluracil 


triphosphate 


! H 


1 H 


CH; 


s 


Hypoxanthine 


triphosphate 


H 


H 


CH 3 


s 


2,4-O-Diacetylthym 


triphosphate 


H 


H 


LH 3 


c 


1 nyiniiic 


triphosphate 


H 


' H 

i 


CH 3 


s 


Cytosine 




1 7 t , i t i o p 1 1 ( > t; p h ; 1 1 1 


Br 


( v -. 


V ) 


Z. 1 -r - v7-L>'lciLtt \ 1UI at 1 1 


monophosphate 


....,..[,;« . 

monophosphate 


" Br 


' (T . 


' 0 


Thymine 



R 1 

IX 


R : 


R* 


R 6 | 


X i 


Base 


monophosphate 


monophosphate Br 




o 


Cvtosine 


monophosphate 


monophosphate 


Br 


CFy 


o 


4-(N-mono- 
acetyl)cytosine 


II lOIlOpilOopi Idle 


„ 

monophosphate 


Br 


CF 3 


o 


4-(N,N-diacetyl)cytosine 


m r\rir\r"* nf\CT"4 n 'A t P 
IllOIlOpi HJoJJlltalc 


monophosphate 


Br 


CF, 


o 


Uracil 


monopnospnaie 


monophosphate 


Br 


CF 3 


o 


5-Fluorouracil 


monopnospnaie 


monophosphate 


Br 


CF ? 


s 


2,4-O-Diacetyluracil 


monophosphate 


monophosphate 


Br 


CF 3 


s 


Hypoxanthine 


monophosphate 


monophosphate 


Br 


CF 3 


s 


2,4-O-Diacetylthymine 


monophosphate 


monophosphate 


Br 


CF 3 


s 


Thymine 


monophosphate 


monophosphate 


Br 


CF 3 


s 


Cytosine 


monophosphate 


monophosphate 


Br 


CFi 


s 


4-(N-mono- 
acetyl)cytosine 


monophosphate 


monophosphate 


Br 


CF^ 


s 


4-(N,N-diacetyl)cytos 


monophosphate 


monophosphate 


Br 


CFn 


s 


Uracil 


monopnospnaie 


IIlOIlOpnUopilaLt 


Br 


CF 3 


s 


5-Fluorouracil 


acetyl 


acetyl 


N02 


CF 3 


o 


4-(N,N-diacetyl)cytosine 


acetyl 


acetyl 


N02 


CF 3 


s 


4-(N,N-diacetyl)cytosine 


acetyl 


acetyl 


N02 


CF 3 


o 


4-(N,N-diacetyl )cytosine 


acetyl 


acetyl 


N02 


2-bromo- 
vinyl 


s 


4-(N,N-diacetyl)cytosine 



Alternatively, the following nucleosides of Formula XII are prepared, using the 
appropriate sugar and pyrimidine or purine bases. 



wherein: 




R* : 


R b 


X 


Base ; 


H i 


CH 3 


o 


2,4-O-Diacetyluracil 


1 ^ { 

H ] 


CH, 


o 


Hypoxanthine 


H 


CH 3 


o 


2,4-O-Diacetylthymine 


H 


CH, 


o 


Thymine 


H 


CH 3 


o 


Cytosine 


H 


CH 3 


o 


4-(N-mono-acetyl)cytosine 


H 


CH 3 


o 


4-(N,N-diacetyl)cytosine 


H 


CH 3 


o 


T T '1 

Uracil 


H 


CH 3 


o 


5-Fluorouracil 


H 


CH 3 


s 


2,4-O-Diacetyluracil 


H 


CH 3 


s 


Hypoxanthine 


H 


CH 3 


s 


2,4-O-Diacetylthymine 


H 


CH 3 


s 


Thymine 


H 


CH 3 


s 


Cytosine 


H 


CH 3 


s 


4-(N-mono-acetyl)cytosine 


H 


CH 3 


s 


4-(N,N-diacetyl)cytosine 


H 


CH 3 


s 


Uracil 


H 


CH 3 


s 


5-Fluorouracil 


monophosphate 


CH 3 


o 


2,4-O-Diacetyluracil 


monophosphate 


CH 3 


o 


Hypoxanthine 


monophosphate 


CH 3 


o 


2,4-O-Diacetylthymine 


monophosphate 


CH, 


o 


Thymine 


monophosphate 


C\h 


1 o 


t Cytosine 


monophosphate 


\ CH? 


1 ° 


4-(N-mono-acetyl)cytosinc 


monophosphate 


CH 3 


o 


4-(N,N-diacetyl)cytosine 


monophosphate 


CH 3 


o 


Uracil 


monophosphate 


CH 3 


o 


5-Fluorouracil 




r ^ t 


^ 


' ~» 4-O-Diacetvluracil 


llKMloplio^plialc 
monophosphate 




s 


Thymine 



I4l 



R 


P 6 


V 


Bast 1 


monophosphate 


pi i 


<v 


C violin e 


monophosphate 


f 11 




4-(N-mono-acetyl)cytosine 


monophosphate 


L113 


s 


4-(N,N-diacetyl)cytosine 


monophosphate 


113 


s 


Uracil 


monophosphate 




s 


5-Fluorouracil 


diphosphate 


L rl 3 


0 


2,4-O-Diacetyluracil 


diphosphate 


p it 


n 


T4 vt^oy an thine 


diphosphate 


P^ IT 


n 


^ 4-O-Diacetvlthvmine 


diphosphate 


pi I 


0 


TV* vmi np 
1 1 1 y 1 1 111 1 v 


diphosphate 


pn 

L H 3 




f vtn^i ne 


diphosphate 


v_ 1 1 3 


o 


4-(N-mono-acetvl)cytosine 


diphosphate 


PIT 

LM3 


n 

w 


4-fN N-diacetvDcvtosine 


diphosphate 


LH3 


w 


T Ira Pi 1 


diphosphate 


p T J 


w 


S - PI unroii ran 1 


diphosphate 


p IT 

CH3 


c 


? 4-O-Diacetvluracil 


diphosphate 


PIT 

L H 3 




1-Ivrinxanthine 


diphosphate 


PIT 

L rj 3 


Q 


2,4-O-Diacetylthymine 


diphosphate 


pTT 


c 


Tnvrnine 


diphosphate 


pTT 


c 


C\l\C\ < Z\T\€* 
V_, V lUoul^ 


triphosphate 


pT T 

UH3 


o 

w 


^> 4-O-Diacetvluracil 


triphosphate 


PTT 




Hvnnx an thine 


triphosphate 


P" II 

L ri 3 


1 v ^ 


2, 4-O-Diacetyl thymine 


triphosphate 


CIA > 

v. n 3 

i 


i O 

I 


Thymine 


1 triphosphate 


i CX-A 
\ L H3 


! 0 


C vt n s 1 n c 

V L Jill w 


triphosphate 


CH3 




4-(N-mono-acetyl)cytosine 


triphosphate 


CH3 


0 


4-(N,N-diacetyl)cytosine 


triphosphate 


CH3 

l 


0 


Uracil 






; n 


^ riuorouracil 


inpho>piuitL 
triphosphate 


v. I 1 


' S 


. P. t ^ , > v 1 t 1 1 n 1 1 ; ■ ■ 

2,4-O-Diacetylthymine 



# • 



R 1 


R 6 


X 


Base 


triphosphate 


CH 3 


s 


Thymine 


triphosphate CFU 


s 


Cytosine 


monophosphate 


CF 3 


o 


2,4-U-L>iacet\ luracn 


monophosphate 


CF 3 


o 


Hypoxanthine 


monophosphate 


CF 3 


(J 


z,4-U-i^iaceiyiinyrniiic 


monophosphate 


CF 3 


o 


Thymine 


monophosphate 


CF 3 


o 


Cytosine 


monophosphate 


CF 3 


o 


4-(N-mono-acetyl)cytosine 


monophosphate 


CF 3 


o 


4-(N,N-diacetyl)cytosine 


monophosphate 


CF 3 


o 


T T J 1 

Uracil 


monophosphate 


CF 3 


o 


5-Fluorouracil 


monophosphate 


CF 3 


s 


2,4-O-Diacetyluracil 


monophosphate 


CF 3 


s 


Hypoxanthine 


monophosphate 


CF 3 


s 


2,4-O-Diacetylthymine 


monophosphate 


CF 3 


s 


Thymine 


monophosphate 


CF 3 


s 


Cytosine 


monophosphate 


CF 3 


s 


4-(N-mono-acetyl)cytosine 


monophosphate 


CF 3 


s 


4-(IN,r\l-aiacetyi jcytosme 


monophosphate 


CF 3 


s 


T T J 1 

Uracil 


monophosphate 


CF 3 


s 


5-Fluorouracil 


acetyl 


CF 3 


o 


4-(N,N-diacetyl)cytosine 


i acetyl 


CF 3 


s 


4-<N,N-diacetyl)cytosine 


j acetyl 


' 2-bromo-vinyl 


o 


4-(N ? N-diacetyl)cytosine 


1 acctvl 


' 2-bromo-vinyl 




4-(N,N-diacetyl)cytosine 



Alternatively, the following nucleosides of Formula XVII are prepared, using the 
appropriate sugar and pyrimidine or purine bases. 

R ,C V Base 

\ r 

i i .. 

K K 

' win 




wherein: 



, = ■ T 

R ! 


R 6 


R 7 


X 


Base 


K 


K 


H 


CH 3 


H 


o 


2,4-O-Diacetyluracil 


X T T T A 

NHAc 


A A ^ 

Me 


H 


CH, 


H 


o 


Hypoxanthine 


NH2 


Me 


H 


CH., 


H 


o 


2,4-O-Diacetylthymine 


X TT T A n 

NHAc 


A A ^ 

Me 


H 


CH, 


H 


o 


Thymine 


NH2 


Me 


H 


CH., 


H 


o 


Cytosine 


X TT TO 

NH2 


Me 


H 


CH 3 


H 


o 


4-(N-mono-acetyl)cytosine 


X TT T A 

NHAc 


A A n 

Me 


H 


CH, 


H 


o 


4-(N,N-diacetyl)cytosine 


NHAc 


Me 


H 


CH, 


H 


o 


Uracil 


X TT T O 

NH2 


A A -i. 

Me 


T T 

ri 


CH, 


H 


o 


5-Fluorouracil 


X TT TO 

NH2 


A A * 

Me 


H 


CH, 


H 


s 


2,4-O-Diacetyluracil 


NHAc 


A A ~ 

Me 


H 


CH, 


H 


s 


Hypoxanthine 


NH2 


A A * 

Me 


H 


CH 3 


H 


s 


2,4-O-Diacetylthymine 


NHAc 


A A ~ 

Me 


H 


CH 3 


H 


s 


Thymine 


NH2 


A A 

Me 


H 


CH, 


H 


s 


Cytosine 


NH2 


Me 


H 


CH, 


H 


s 


4-(N-mono-acetyl)cytosine 


NHAc 


A A * 

Me 


H 


CH 3 


H 


s 


4-(N,N-diacetyl)cytosine 


NHAc 


A A 

Me 


H 


CH 3 


H 


s 


Uracil 


X TT T O 

NH2 


A A ^ 

Me 


H 


CH 3 


H 


s 


5-Fluorouracil 


X TT T O 

NH2 


A A ^ 

Me 


monophosphate 


CH, 


H 


o 


2,4-O-Diacetyluracil 


XTT T A ^ 

NHAc 


A A * 

Me 


monophosphate 


CH 3 


H 


o 


Hypoxanthine 


X TT T "> 

NH2 


A A n 

Me 


monophosphate 


CH, 


H 

J 




2,4-O-Diacetylthymine 


XTT T A ^ 

NHAc 


A A a. 

Me 


monophosphate 


CH, 


|H 


! ° 


Thymine 


NH2 


Me 


monophosphate 


ru, 
^ n, 


H 


o 


Cvtosine 


NH2 


Me 


monophosphate 


CH_, 


H 


o 


4-(N-mono-acetyl)cytosine 


NHAC 


Me 


monophosphate 


CH_, 


H 


o 


4-(N,N-diacetyl)cytosine 


NHAc 


Me 


monophosphate 


CH., 


j H 


o 


Uracil 


NH2 


Me 












M n 




monophosphate 


CH, 


i 1 


s 


t i \ po\anthinc 


\ i 12 




monophosphate 


"nu 


' II 


* s 


, 2.4-O-Diacetylthymine 


* NHAc 

i 


L .... 
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1 

R 


K ! 

i 


R 7 
K 


v i 

1 
! 


Uqcp 
DflSC 


R° 


R 10 


monophosphate 


1 1 


u 
n 


C 


ThvTii 1 np 
1 iiy 1 1 1 1 1 1 v 


NH2 


Me 


monophosphate 


l I 


1 1 


Q 

1 


("V'to^i n e 


NH2 


Me 


monophosphate 


L H3 


I 1 


c 


4-1 N-mono-acetvl iCVtosine 


NHAc 


Me 


monophosphate 




IT 

H 


e 


N-Hiaretvncvtosine 


NHAc 


Me 


monophosphate 


CH3 


IT 

H 


c 


LTraci 1 


NH2 


Me 


monophosphate 


T T 


II 

n 


c 


S - PI 1 1 nrni Iran 1 

«. > I 1 UUl U Ul CIV 1 1 


NH2 


Me 


diphosphate 


1 T 

CH3 


1 1 

0 


r\ 
\J 


0 il-O-Oiaretvluracil 


NHAc 


Me 


diphosphate 




IT 

ri 


\J 


1-1 vTinv an thi tip 

I 1 V UkJAdllLlIIllV 


NH2 


Me 


diphosphate 


CH3 


Jri 


C\ 
\J 


il-O-Diaretvlthvmine 


NH2 


Me 


Hinhosnhate 


CH 3 


TT 

H 


r\ 
\J 


1 nyuiiiit 


NH2 


Me 


diphosphate 


CH 3 


TT 


r\ 
w 


( ^ 1 /l a r 1 n p 
YIUMIIC 


NH2 


Me 


diphosphate 


CH3 


T T 

ri 


\J 


1 / fvj mnnn-arpt vl^rvtOSine 

<-f-^ 1 N 1 1 1 U 1 1 U <Wj v I j l ^ V ivji 1 x v 


NHAc 


Me 


diphosphate 


CH 3 


T J 


r\ 
VJ 


J. / T\J XI H i apptvl ^p vto^ 


NHAc 


Me 


diphosphate 


CH3 


IT 

ri 


\J 




NH2 


Me 


diphosphate 


CH3 


TT 

ri 


yJ 


^ P^l 1 1 nrAi 1 rapi 1 


NH2 


Me 


diphosphate 


CH3 


TT 

ri 


c 


^ A O P)i apptvl nrflPi 1 

^H 1 VJ IclvvLj' 1 Ul atn 


NH2 


Me 


diphosphate 


CH 3 


IT 

ri 


0 


11 VTJUAanLIllllC 


NH2 


Me 


diphosphate 




TT 

ri 


c 


iin Pli^pptvlthvrnine 


NHAc 


Me 


diphosphate 


CH3 


IT 

ri 


Q 


TV* \rm 1T1P 

i nyiiiiiic 


NH2 


Me 


diphosphate 


CH 3 


11 
ri 


C 


P\/tnci n P 


NH2 


Me 


triphosphate 


CH3 


T I 

ri 


KJ 


^ *l-0-F)iaretviuracil 


NHAc 


Me 


triphosphate 


C hi 3 


IT 

1 ii 


vj 


M \^nn y a nth l np 

1 IlvLIUAclllllllllv 


NHAc 


Me 


triphosphate 


CH3 


H 


\J 


^ -1-O-Di ^ppt vlth vmine 

„ , V y W Idt^l V llll ylllliiv 


NHAc 


Me 


triphosphate 


CH3 


IT 

H 


KJ 


1 J 1 V 1 1 1 1 1 1L. 


NH2 


Me 


triphosphate 


CH 3 


H 


0 


Cytosine 


NH2 


Me 


triphosphate 


CH3 


H 


0 


4-(N-mono-acetyl)cytosine 


NHAc 


Me 


| triphosphate 


CH ? 


H 


0 


4-(N,N-diacetyl)cytosine 


NH2 


Me 




. ' ' I 


I T 




T 1 


\ T H2 


Me 


triphosphate 
triphosphate 


III 

* CH> 


i i 

* H 


s 


H\poxanthinc 


\ 1 1 .' 
NH2 


M: 

Me 
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R 


r 6 | R 7 1 X Base 

! i 


R 9 


R 


triphosphate 


CH, 


H 


S 


2,4-O-Diacetylthymme 


NH2 


Me 


triphosphate 


1 


H 


s 

1 


Thymine 


NH2 


Me 


triphosphate 


CH, 
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(a) Ru0 2 / NaI0 4 ; (b) MeMgl / TiCl 4 ; (c) HC1 / MeOH / H 2 0; (d) BzCl / pyridine; (e) AcBr, 
HBr / AcOH; (f) chloromercuri-6-benzamidopurine; (g) NH 3 / MeOH. 

In a similar manner, but using the appropriate sugar and pyrimidine or purine bases, 
the following nucleosides of Formula III are prepared. 
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NH^ 


F 


acetyl 




u 
n 


H 


NH 2 


CI 


acetyl 


IT 

H 


u 
n 


F 


NH 2 


NH 2 


acetyl 


T t 

H 


LJ 

n 


F 


NH 2 


NH-cyclopropyl 


acetyl 


T T 

H 


TJ 

n 


F 


NH 2 


OH 


acetyl 


IT 

H 


11 


F 


NH 2 


F 


acetyl 


T T 

H 


LJ 

rl 


F 


NH 2 


CI 


H 


acetyl 


acetyl 


H 


NH 2 


NH 2 


H 


acetyl 




H 


NH 2 


NH-cyclopropyl 


H 


acetyl 


dCCLj 1 


H 


NH 2 


OH 


H 


acetyl 


aceiy 1 


H 


NH 2 


F 


H 


acetyl 


aceiyi 


H 


NH 2 


CI 


J acetyl 


acetyl 


clCCL y 1 

I 


H 

i 


NH 2 


NH 2 


! ♦ i 
I acetyl 


acetyl 




1 H 


NH 2 


NH-cyclopropyl 


acetyl 


! acetyl 


n p \/l 


H 


NH 2 


OH 


acetyl 


acetyl 


acetyl 


H 


NH 2 


F 


acetyl 


acetyl 


acetyl 


H 


NH 2 


CI 


I monophosphate 


[ acetyl 


acetyl 


H 

A 


NH 2 


NH 2 




, + ■ i 




H 


' \ T lh 


NH-cvclopropyl 


monopnospiiuK 
monophosphate 


acetyl 


acetyl 


' H 


\ h 
* NH: 


" ci 



1 5h 



R 


K 


R 3 


X 1 


X 2 


Y 


■ r 

diphosphate 


acetyl 


acetyl 


H 


NH 2 


NH 2 


diphosphate 


acetyl 


acetyl 


H 


NH.2 


NH-cyclopropyl 


diphosphate 


acetyl 


acetyl 


1 T 

1 1 


NH-> 


OH 


diphosphate 


acetyl 


acetyl 


H 
o 


NH 2 


F 


diphosphate 


acetyl 


acetyl 


H 


NH 2 


Cl 


triphosphate 


acetyl 


aceiy i 




NH 2 


NH 2 


triphosphate 


acetyl 


aceiyi 


H 


NH 2 


NH-cyclopropyl 


triphosphate 


acetyl 


acetyl 


X 1 




OH 


triphosphate 


A. 1 

acetyl 


acetyl 


T_r 
n 




F 


— r- : r 

1 triphosphate 


acetyl 


acetyl 


ri 


NTH-, 

IN xi 2 


Cl 


H 


H 


T T 
H 


u 
rl 


PI 


H 
1 1 


H 


H 


TT 

ri 


H 
o 




H 


H 


H 


u 
H 


1 1 


Cl 

V_ 1 


NH 2 


H 


H 


TT 

ri 


t_j 
n 


n 

1 


NH-cvclonroovl 


H 


H 


TT 

H 


TT 

n 


PI 


NH-meth vl 

i > 1 1 iiivni y i 


H 


H 


T T 

H 


TT 

n 


PI 


NH-ethvl 

inii L-iii y i 


H 


H 


TT 

H 


i_i 
r i 


PI 


TsJ 1-f-arptvl 

liii avvi yi 


H 


H 


TT 

ri 


ri 


PI 


OH 


H 


H 


IT 

ri 


TJ 

n 


PI 


OMe 


H 


H 


T_r 
ri 


1 1 


PI 


OEt 


H 


H 


TT 

ri 


1 1 


Cl 


O-cyclopropyl 


H 


H 


H 


u 
1 1 


PI 


O-acetvl 


t r x 

[» 


H 


TT 

ri 


n 


PI 


SH 




H 


H 


H 


Cl 


SMe 


H 


H 


H 


H 


Cl 


SEt 


H 


H 


H 


H 


Cl 


S-cyclopropyl 


i monophosphate 


H 


H 


H 


Cl 


NH; 



. , . : , ■ \ t 1 ■- ! 1) C 1 1 1 \ I 

IllOllOpMONpiKitL M 



monophosphate 



H H Cl NH-cthyl 



R 


R 2 
rv 


I\ 


"x 1 ^ 


X 2 


Y 


monophosphate 


1 1 
1 1 


1 1 


H 


CI 


OH 


monophosphate 


n 




H 


CI 


O-acetyl 


monophosphate 


TJ 
11 


H 


H 


CI 


OMe 


monophosphate 


1 1 
1 1 


H 
1 1 


H 


CI 


OEt 


monophosphate 


1 1 


M 
ii 


H 


CI 


O-cyclopropyl 


monophosphate 


1 1 
1 1 


H 
n 


H 


CI 


SH 


monophosphate 


I T 
I 1 


rr 


H 


CI 


SMc 


monophosphate 


n 

n 


1 1 


H 


CI 


SEt 


monophosphate 


T I 
I 1 


H 


H 


CI 


S-cyclopropyl 


diphosphate 


TJ 

n 


u 
1 1 


H 


CI 


NH 2 


diphosphate 


IT 

rl 


T-J 

n 


H 


CI 


NH-acetyl 


diphosphate 


TJ 

rl 


rl 


H 


CI 


NH-cyclopropyl 


diphosphate 


IT 

rl 


I i 


H 


CI 


NH -methyl 


diphosphate 


TJ 

n 


n 


H 


CI 


NH-ethyl 


diphosphate 


TJ 
11 




H 


CI 


OH 


diphosphate 


TJ 

rl 


T-J 

n 


H 


CI 


O-acetyl 


diphosphate 


TJ 

rl 


TJ 

n 


H 


CI 


OMe 


diphosphate 


IT 

rl 


TJ 

n 


H 


CI 


OEt 


diphosphate 


TJ 

rl 


TJ 

rl 


H 


CI 


O-cyclopropyl 


diphosphate 


H 


TJ 
1 1 


H 


CI 


SH 


diphosphate 


H 


1 1 


H 


CI 


SMe 


diphosphate 


H 


r l 


H 


CI 


SEt 


^diphosphate 


H 




1 H 
i n 


H 


CI 


S-cyclopropyl 


triphosphate 


i H 




u 
1 1 


H 


CI 


NH 2 


triphosphate 


H 


H 


H 


CI 


NH-acetyl 


triphosphate 


H 


H 


H 


CI 


NH-cyclopropyl 


triphosphate 


H 


H 


H 


CI 


NH-methyl 


♦ , ,1 ■ 


T I 




1 H 


H 


CI 


NH-ethyl ' 


UipllOSpiKiiL 

triphosphate 


" H 




* II 


i H 


' CM 


■ )\k 
" OEt 



R 


K 

i 

-u 


R 3 

rv 


X 1 


X* 


Y 


triphosphate 


IT 

ri 


ii 


H 


CI 


O-cyclopropyl 


triphosphate 


1-4 
ii 


H 


H 


CI 


O-acetyl 


triphosphate 


1 1 
1 1 


H 


H 


CI 


SH 


triphosphate 


Ii 


H 


H 


CI 


SMe 


triphosphate 


IT 

ri 


n 


H 


CI 


SEt 


triphosphate 


IT 

H 


n 


H 


CI 


S-cyclopropyl 


monophosphate 


monophosphate 


m r^n r\r\ n o c rT 'A t P 
IIlUIlUpilUo|Jlla.Lt 


H 


CI 


NH 2 


monophosphate 


monophosphate 


mnnnnnncnn^ t P 
I IlUi 1U Lll HJo^l Idlt^ 


H 


CI 


NH-cyclopropyl 


monophosphate 


monopnospnaie 


m n n n "n Vi n ^ tt Vi 3 1 P 


H 


CI 


OH 


diphosphate 


diphosphate 


UipilUSpnaLC 


H 

A A 


CI 


NH 2 


diphosphate 


diphosphate 


QipnOSpilaLC 


H 


CI 


NH-cyclopropyl 


diphosphate 


diphosphate 


Qipnospnate 


1 1 


CI 


OH 


triphosphate 


triphosphate 


trip no sp ndic 


1 A 


CI 


NH 2 


triphosphate 


triphosphate 


11 lUllUoUlldlt' 


H 


CI 


NH-cyclopropyl 


triphosphate 


triphosphate 


iripnut>piidic 


H 


CI 


OH 


H 


ri 


n 


F 


CI 


NH 2 


H 


ri 


u 
n 


F 

A 


CI 


NH-cyclopropyl 


H 


TT 


TT 

n 


F 

A 


CI 


OH 


H 


TT 


TI 

n 


CI 


CI 


NH 2 


H 


TT 

ri 


n 


CI 


CI 


NH-cyclopropyl 


H 


IT 

ri 


TJ 

n 


CI 


CI 


OH 


H 


IT 

ri 

i 


T-4 
11 


Br 


CI 


NH 2 


H 


IT 

ri 


n 


Br 


CI 


NH-cyclopropyl 


H 


IT 

H 


1 1 


Br 


CI 


OH 


H 


H 


H 


NH 2 


CI 


NH 2 


H 


H 


H 


NH 2 


CI 


NH-cyclopropyl 


H 


H 


H 


NH : 


CI 


OH 




T T 


TT 


SH 


CI 


NH : 


t i 

acetyl 


i i 

* \T 


* 11 




* ci 


'■>'.: 
NH; 



R 


R i 


R 3 

rv 


X 1 


X 1 1 


Y 


acetyl 


u 
o 


u 
n 


H 


CI 


NH-cyclopropyl 


acetyl 


1 1 

o 


H 


H 


CI 


OH 


acetyl 


LJ 

ri 


H 


F 


CI 


NH 2 


acetyl 


o 
n 


H 


F 


CI 


NH-cyclopropyl 


acetyl 


T I 

M 


1 1 


F 


CI 


OH 


H 


acetyl 


QpAt V| 

attl _y 1 


H 


CI 


NH 2 


H 


acetyl 


acetyl 


H 


CI 


NH-cyclopropyl 


H 


acetyl 


d.Cdy i 


H 


CI 


OH 


acetyl 


acetyl 


dLciy l 


H 


CI 


NH 2 


acetyl 


acetyl 


QP fit \/l 

dtClj 1 


H 


CI 


NH-cyclopropyl 


acetyl 


acetyl 


Q O t \ f\ 

aecLy i 


H 


CI 


OH 


monophosphate 


acetyl 


aceiyi 


H 


CI 


NH 2 


monophosphate 


acetyl 


aceiyi 


H 


CI 


NH-cyclopropyl 


monophosphate 


acetyl 


aceiyi 


H 


CI 


OH 


diphosphate 


acetyl 


acciy i 


H 


CI 


NH 2 


diphosphate 


acetyl 


aLCly l 


H 


CI 


NH-cyclopropyl 


diphosphate 


acetyl 


ate i y i 


H 


CI 


OH 


triphosphate 


acetyl 


aL/Ciy 1 


H 


CI 


NH 2 


triphosphate 


acetyl 


q r* p> t \ / r 1 

aeciy i 


H 


CI 


NH-cyclopropyl 


triphosphate 


acetyl 


acety i 


H 


CI 


OH 


H 


rl 


H 
1 1 


H 


CI 


NH 2 


H 


1 H 


1 1 

! 


H 


CI 


NH-cyclopropyl 


H 


H 


! h 


H 


CI 


OH 


H 


1 H 


! H 


H 


Br 


NH 2 


H 


H 


H 


H 


Br 


NH-cyclopropyl 


H 


H 


H 


H 


Br 


OH 



1M» 



• # 




OR : OR' 



(VI) 

wherein: 



R' 


R* 


R 3 


X 1 


Y 


T T 
1 1 


H 


H 


H 


H 


H 


H 


H 


H 


NH 2 


H 


H 


H 


H 


NH-cyclopropyl 


H 


H 


H 


H 


NH-methyl 


H 


H 


H 


H 


NH-ethyl 


H 


H 


H 


H 


NH-acetyl 


H 


I T 

ri 


LJ 

n 


1 1 


OH 


H 


H 


H 


H 


OMe 


H 


H 


H 


H 


OEt 


H 


H 


H 


H 


O-cyclopropyl 


H 


H 


H 


H 


O-acetyl 


H 


H 


H 


H 


SH 


H 


H 


H 


H 


SMc 

i 


i H 


H 


H 


H 


SEt 


H 


H 


H 


H 


S-cyclopropyl 


monophosphate 


H 


H 


H 


NH 2 


monophosphate 


H 


H 


H 


NH-acetyl 


monophosphate 


i H 


H 


H 

I 


NH-cyclopropyl 








t r 




monophosphate 




i l 


i i 




monophosphate 


" H 




* 11 


O-acctyl 




R 


K 


IV 


\' 1 

- I 


Y 


monophosphate 


1 1 

o 


u 
n 


H 


OMe 


monophosphate 


TJ 

rl 


w 

X 1 


H 


OEt 


monophosphate 


I I 

n 


H 
n 


h — r 


O-cyclopropyl 


monophosphate 


T_T 
H 


rl 


H 


SH 


monophosphate 


TJ 

H 


T_I 
11 


H 


SMe 


monophosphate 


T ] 

H 


II 
11 


H 


SEt 


monophosphate 


it 

H 


ri 


H 


S-cyclopropyl 


diphosphate 


TJ 

H 


ii 


H 


NH 2 


diphosphate 


TJ 

H 


Ti 

n 


H 


NH-acetyl 


diphosphate 


T T 

H 


IT 

n 


H 


NH-cvclonroDvl 


diphosphate 


T T 

H 


LI 

rl 


H 


NH-methvl 

1 A J. ill t A A T * 


diphosphate 


T T 

H 


TJ 
O 


H 


NH-ethvl 

L ™ J A. w 111 Y A 


diphosphate 


T T 

H 


II 
11 


H 


OH 


diphosphate 


TJ 


IT 

tt 


H 


O-acetyl 


diphosphate 


TJ 


ii 
rl 


H 


OMe 


diphosphate 


TJ 


TJ 

rl 


H 


OEt 


diphosphate 


T T 

H 


TJ 

ri 


H 


O-cvclonroDvl 


diphosphate 


T T 

H 


TJ 
Ii 


H 

1 A 


SH 


diphosphate 


T T 

H 


II 

11 


H 


SMe 


diphosphate 


TJ 


T_J 

rl 


H 


SEt 


diphosphate 


TJ 

ri 


n 


H 


S-cyclopropyl 


triphosphate 


it 

H 


1 1 
1 1 


H 


NH^ 

i 


triphosphate 


i j 

H 


rl 


Th — 

+ 


NH-acetyl 


triphosphate 


u 

n 


1 1 


H 


NH-c vclopropyl 


triphosphate 


H 


H 


H 


NH-methyl 


triphosphate 


H 


H 


H 


NH-ethyl 


triphosphate 


i n 


H 


H 


OH 




1 1 


T I 


T I 

H 


i '.vie 


inpho^phalL 
triphosphate 


1 : 
' 11 


H 


* H 


O-acctyl 




n l 1 

R 


- M, 

K 


R 3 


X 1 


Y 


triphosphate 


T J 

ri 


H 
f l 


H 


SH 


triphosphate 


TT 

rl 


H 
1 1 


H 


SMe 


triphosphate 


1 1 


H 


H 


SEt 


triphosphate 


1 1 


H 


H 


S-cyclopropyl 


monophosphate 


mo nop i lubpi laic 


mononho^nhate 


H 


NH 2 


monophosphate 


monopnospiiaie 


mnnnn Vifi^nh at P 


H 


NH - c y c 1 op rop y 1 


monophosphate 


monophosphate 


1 1 lUIUJpilUoJJllaLC 


H 


OH 


diphosphate 


diphosphate 


rlmVincnnstp 
LlipiUJopIltlLC 


H 


NH 2 


diphosphate 


diphosphate 


U 1 Ul lUo UlltllV^ 


H 


NH-cyclopropyl 


diphosphate 


diphosphate 


rlinhoQnViatP 


H 


OH 


triphosphate 


tripnospnaie 


tririVio^riHlltP 

LI 1 UI lUojJI 


H 


NH 2 


A ' 1 1 4. 

triphosphate 


triphosphate 


UipilUi>Ulla.lc 


H 


NH-cyclopropyl 


triphosphate 


triphosphate 


ir lpnospnaie 


H 
1 1 


OH 


H 


TJ 


i j 
1 1 


F 


NH 2 


H 


TJ 


TJ 
I 1 


F 


NH-cyclopropyl 


H 


TJ 

ri 


1 1 


F 


OH 


H 


IT 

rl 


TJ 
n 


CI 


NH 2 


H 


TJ 

ri 


T-T 

n 


CI 


NH-cyclopropyl 


H 


TJ 

ri 


TJ 

r l 


CI 


OH 


H 


I T 


T_J 

rl 


Br 


NH 2 


H 


IT 

rl 


ri 


Br 


NH-cyclopropyl 


H 


IT 

ri 


1 1 


Br 


OH 


T T 

H 


! rl 

i — ._ 


H 


NH 2 


NH 2 


H 


! rl 


H 
1 1 


NH 2 


NH-cyclopropyl 


H 


H 


H 


NH 2 


OH 


H 


H 


H 


SH 


NH 2 


H 


n 


H 


SH 


NH-cyclopropyl 


' T 




T T 


SH 


OH 


uccl> i 
acetyl 


' ii 


* 11 


" H 


* OH 



1 h 



R 


IX 


R 3 




Y 1 


acetyl 


II 
11 


H 


F 


NH 2 


acetyl 


IT 
11 


u 
1 1 


F 


NH-cyclopropyl 


acetyl 


II 

O 


u 

I 1 ! 


F 


OH 


H 


acetyl 


acetyl 


H 


NH 2 


H 


acetyl 


ciL-CLy 1 


H 


NH-cyclopropyl 


H 


aceiyi 




H 


OH 


acetyl 


acetyl 


oppt \/1 
tlL-CLy 1 


H 


NH 2 


acetyl 


acetyl 


dL/Ciy i 


H 


NH-cyclopropyl 


acetyl 


acetyl 


aceiyi 


H 


OH 


monophosphate 


acetyl 


aceiyi 


H 


NH 2 


monophosphate 


acetyl 


acetyl 


H 


NH-cyclopropyl 


monophosphate 


acetyl 


ticciy i 


H 


OH 


diphosphate 


acetyl 


aLCiy 1 


H 


NH 2 


diphosphate 


acetyl 


acetyl 


H 


NH-cyclopropyl 




acetyl 


acetyl 


H 


OH 


triphosphate 


acetyl 


acetyl 


H 


NH 2 


triphosphate 


acetyl 


acetyl 


H 


NH-cyclopropyl 


triphosphate 


acetyl 


acetyl 


H 


OH 



Alternatively, the following nucleosides of Formula XIII are prepared, using the 
appropriate sugar and pyrimidine or purine bases. 

R ' ( V Base 

OR : OR 3 
(XIII) 



DiaceU luracil 



CU 



O Hvpoxanthinc 



R ! 


K 


R 3 


R 6 ! 

1 


1 


Base | 


1 

i 


IT 

H 


I 1 

1 






2,4-0- 

Diacetylthymine 


H 


n 


H ! 


CH 3 


O 


Thymine 


H 


H 


H 


CH 3 


O 


Cytosine 


H 


H 


II 
11 


v_ 1 13 


O 


4-(N-mono- 
acetyl)cytosine 


H 




I 1 


CH 3 


O 


4-(N,N- 

diacetyl)cytosine 


H 


T_J 

H 


U 

n 


CH 3 


O 


Uracil 


H 


T T 

H 


ii 

n 


^ 1 1 3 


O 


5-Fluorouracil 


H 


H 


H 


CH 3 


s 


2,4-0- 

Diacetyluraci 


H 


T T 

H 


IT 
11 


1 1 3 


s 


Hypoxanthine 


H 


T T 

H 


n 




s 


2,4-0- 

Diacetylthymine 


H 


TJ 

H 


LJ 

n 


CH 3 


s 


Thymine 


H 


H 


H 


CH 3 


s 


Cytosine 


H 


H 


TJ 

ri 


I 13 


s 


4-(N-mono- 

acetyl)cytosine 


H 


T T 

H 


IT 

n 




s 


4-(N,N- 

diacetyl)cytosine 


H 


ii 

H 

! 


i-i 
n 




s 


Uracil 


H 




n 

i 

4 ... - 




1 s 


5-Fluorouracil 


monophosphate 


H 


S H 


CH 3 




2,4-0- 

Diacetyluracil 


monophosphate 


H 


H 


CH 3 


0 


Hypoxanthine 


; monophosphate 


H 


H 

! 


CH, 


0 


2,4-0- 

Oi ^ret vlth vm 

L J lawn y iLiij^iit 


monophosphate 


11 


" II 


' C'H -. 


0 


4-(N-mono- 



acetyDcytosine 



Til 

R 


K 


R 3 

IV 


R 6 


X 


Base 


monophosphate 


7 T 

H 

i 


LJ 

rl 

1 


V_ 1 13 


O 


4-fN N- 

diacetyl)cytosine 


1 1 X _ 

monophosphate 


H 1 


ij 
il 




O 


Uracil 


monophosphate 


IT 

H 


r 1 




O 


5-Fluorouracil 


monophosphate 


H 


H 


CH 3 


s 


2,4-0- 

Diacetyluracil 


monophosphate 


T T 

H 


IT 
O 


v_ 1 1 3 


s 


Hypoxanthine 


monophosphate 


T T 

H 


IT 

rl 


v 1 13 


s 


2 4-0- 

Diacetylthym 


monophosphate 


T T 

H 


M 


v 1 1 3 


s 


Thymine 


monophosphate 


H 


H 


CH3 


s 


Cytosine 


monophosphate 


H 


IT 


v. 113 


s 


4-(l s J-mono- 
acetvl icvtosine 


monophosphate 


H 


T T 

ri 


v 1 1 3 


s 


4-CN N- 

diacetyl)cytosine 


monophosphate 


T T 

H 


TT 

H 


1 13 


s 


Uracil 


monophosphate 


T T 

H 


TT 

M 


v, 113 


s 


5 -Fluoro uracil 


diphosphate 


H 


H 


CH3 


0 


2,4-0- 

Diacetyluracil 


diphosphate 


H 


TT 

rl 


v^-i 13 


0 


Hypoxanthine 


diphosphate 


T T 

H 

i 


TT 

I 1 


v. i 1 3 


0 


2 4-0- 

Diacetylthymine 


diphosphate 


i j 


11 




0 


Thymine 


diphosphate 


i H 


H 


| CH 3 


0 


Cytosine 


diphosphate 


H 


H 


CH 3 


0 


4-(N-mono- 
acetyl)cytosine 


diphosphate 


H 


H 


CH 3 


0 


4-(N,N- 

Gidceiyi jLyioaine 


diphosphate 


' II 


' H 


' CM: 


' s 


' 2.4-0- 



Diacetvluracil 



R 


K 


R 3 

IX 


R 6 

IX 


X 


Base 


diphosphate 


IT 


11 


CH, 


s 


Hypoxanthine 


diphosphate 


H 

1 


T_J 

o 




s 


2A-0- 

Diacetylthym 


diphosphate 


H 


U 
1 1 




s 


Thvmine 


diphosphate 


T T 

H 


1 1 


1 1 3 


s 


Cvtosine 


triphosphate 


H 


H 


CH3 


0 


2,40- 

Diacetyluracil 


triphosphate 


T T 

H 


U 

li 


v_ 1 1 3 


0 


Hypoxanthine 


triphosphate 


T T 

H 


Ti 

H 


v n 3 


O 


2 4-0- 

Diacetylthymine 


triphosphate 


H 


T I 

ri 


v_ 11 3 


O 


Thvmine 

1 iiyiiiniw 


triphosphate 


H 


H 


CH 3 


O 


Cytosine 


triphosphate 


H 


TJ 

ri 


1 13 


O 


J._f ]xj-rn DTIO- 

acetvl^cvtosine 


triphosphate 


T T 

H 


IT 

ri 


li 3 


O 


4-(N N- 

diacetyl)cytosine 


triphosphate 


H 


IT 

ri 


n 3 


O 


Uracil 


triphosphate 


T T 

H 


IT 

ri 


v_ ri 3 


0 


5-Fluorouracil 


triphosphate 


H 


H 


CH 3 


s 


2,4-0- 

Diacetvluracil 


triphosphate 


T T 

H 


IT 

ri 


v_ n 3 


s 


Hvnox an thine 


i triphosphate 


T T 

H 

i 


TJ 

ri 


v_ 113 


s 


2,4-0- 

Diacetylthymine 


triphosphate 


H 


i_i 
li 


V^- 1 1 js 


s 


Thymine 


triphosphate 


H 


H 


CH 3 


s 


Cytosine 


monophosphate 


monophosphate 


monophosphate 


CF 3 


u 


Diacetyluracil 




monophosphate 


Ti H MlOp I K'Spi 1 cllC 


V 1 ^ 


0 


Hypoxanthine 


■ monophosphate 


monophosphate 


monophosphate 


* CF; 


0 


Thymine 


monophosphate 


monophosphate 


monophosphate 


CF, 


0 


: Cvtosine 





7? j 





R 6 "T 


X 


Base 


monophosphate 


monophosphate 


m o I io p 1 1 o s p 1 1 a l c 


CF^ 


o 


4-(N-mono- 
acetyl)cytosine 


monophosphate 


monopnospndie 


mnnnnlmsnh f A\ P 


CF 3 j 


o 


4-(N,N- 

diacetyl)cytosine 


monophosphate 


monophosphate 


inoitopinJbpiiai^ 


CF^ 


o 


Uracil 


monophosphate 


monophosphate 


monopnospndie 


CFt 


o 


5-Fluorouracil 


monophosphate 


monophosphate 


monophosphate 


CF 3 


s 


2A-0- 

Diacetyluracil 


monophosphate 


monophosphate 


II lUIlOpiUJopi laiv^ 




s 


Hypoxanthine 


monophosphate 


monophosphate 


monopnospndie 


CF^ 


s 


2 4-0- 

Diacetylthymine 


monophosphate 


monophosphate 


monopnospndie 


v~ r 3 


s 


Thymine 


monophosphate 


monophosphate 


monophosphate 


CF 3 


s 


Cytosine 


monophosphate 


monophosphate 


monopnospndie 




s 


4-(N-mono- 
acetyl)cytosine 


monophosphate 


monophosphate 


mOIlOpilUopi laLC 


CF^ 


s 


4-(N,N- 

diacetyl)cytosine 


monophosphate 


monophosphate 


monopnospndie 


CFi 

^ 1 3 


s 


Uracil 


monophosphate 


monophosphate 


monophosphate 


CF 3 


s 


5-Fluorouracil 


acetyl 


acetyl 


acetyl 




o 


4-fN N- 

diacetyl)cytosine 


acetyl 


acetyl 

i 
i 


acetyl 

! 


* 3 


1 s 


4-(N,N- 

diacetyl)cytosine 


acetyl 


acetyl 


acetyl 


vinyl 


o 


4-(N N- 

diacetyl)cytosine 


acetyl 


acetyl 

1 _ 


acetyl 


2-bromo- 
vinyl 


s 

i 


4-(N,N- 

diacetyl)cytosine 


H 


! H 


H 


( ^ 1 1 




Z.-^iN^lN-Ul ctcciy 1 ) 

guanine 


M 


H 


* H 


CM, 


o 


S-fluoroguanine 




■-.1 
R 


K 


R 3 

IX 


R 6 


X 


Base 


H 


H 


1 1 




0 


guanine 


H 


T T 

H 


I 1 


\^ 1 13 


0 


6-(N,N-diacetyl)- 
adenine 


H 


T I 

H 


ri 




0 


2-fluoroadenine 


H 


H 


t_r 
n 




0 


8-fluoroadenine 


H 


H 


H 


CH 3 


0 


2,8-difluoro- 
adenine 


H 


H 


H 


CH 3 


0 


adenine 


H 


H 


H 


v 03 




7-(N N-diacetvlV 
puanine 

VI C+l 1111 w 


H 


T T 

H 


T T 
I 1 


v_ 1 13 


s 


6_0-acetyl 
guanine 


H 


H 


11 




s 


8-fluoroguanine 


H 


H 


TT 

ri 


v n 3 


s 


puanine 

t-. L4 Cll 1111 w 


H 


H 


TJ 

ri 


v n 3 


s 


6-(N N-diacetvlV 
adenine 


H 


H 


ri 


^113 


s 


2-fluoroadenine 


H 


T T 

H 


IT 

ri 




s 


8-fluoroadenine 


H 


H 


H 


CH 3 


s 


2,8-difluoro- 
adenine 

ClUwl 111 Jw 


H 


H 


H 


CH 3 


s 


adenine 


; : 

monophosphate 


H 


TT 

H 


1 


0 


2-fN N-diacetvlV 
guanine 


monophosphate 


i i j 
1 H 


1 1 


i fH^ 

v_ x 1 3 


0 


6-O-acetyl 
guanine 


monophosphate 


H 


H 


CH 3 


0 


8-fluoroguanine 


monophosphate 


H 


H 


CH 3 


0 


guanine 


. . >».^ 


' 11 


H 


CH, 


0 


6-(N,N-diacetyl)- 


monophosphate 


' li 


' H 




0 


8-fl uoroadenme 



R 


R _ 1 


K 1 


R 6 i 

i 


X 


Base 


monophosphate 


H 


— — — — 1~ 

H 

i 




O 


2,8-difluoro- 
adenine 


monophosphate 


H f 


II 


CH 3 


O 


adenine 


monophosphate 


TJ 


1 1 


CH- 1 


s 


2-(N,N-diacetyl)- 
guanine 


monophosphate 


IT 

ri 


f i 


CH 3 


s 


6-O-acetyl 
guanine 


monophosphate 


LI 

ri 


14 

n. 


CH^ 


s 


8-fluoroguanine 


monophosphate 


ri 


14 

n 


CH 3 


s 


guanine 


monophosphate 


1 1 

H 


1 1 




s 


6-(N,N-diacetyl)- 
adenine 


monophosphate 


T I 

ri 


ij 
ri 


V_ 1 1 j 


s 


2-fluoroadenine 


monophosphate 


TJ 

ri 


TT 

n 




s 


8-fluoroadenine 


monophosphate 


H 


H 


CH 3 


s 


2,8-difluoro- 
adenine 


monophosphate 


H 


H 


CH 3 


s 


adenine 


diphosphate 


T T 

H 


TJ 

ri 


v n 3 


0 


2-fN N-diacetvlV 
guanine 


diphosphate 


TJ 

ri 


TJ 

1 1 




0 


6-O-acetyl 
guanine 


diphosphate 


TJ 

ri 


n 


CH 3 


0 


8-fluoroguanine 


diphosphate 


TJ 

ri 


1 1 


CHu 


0 


guanine 


1 diphosphate 




1 M 


1 CHi 

V. i 1 3 


0 


6-(N,N-diacetyl)- 
adenine 


diphosphate 


H 


H 


CH 3 


0 


2-fluoroadenine 


diphosphate 


H 


H 


CH 3 


0 


8-fluoroadenine 


diphosphate 


: H 

i 

! 


H 


CH 3 


0 


2,8-difluoro- 
adenine 



uuanine 



K 


i 


R 6 j X 


Base 


diphosphate 


H 


H 


CH 3 


S 


6-O-acetyl 
guanine 


diphosphate \ 


- r 

H 


1 1 


( ^ I I 


c 


8-fluoroguanine 


diphosphate 


H 


H 




c 


guanine 


diphosphate 


H 


H 


CH 3 


s 


6-(N,N-diacetyl)- 
adenine 


diphosphate 


H 


H 


f ^ T I 

CH 3 




2-fluoroadenine 


diphosphate 


H 


H 


CH 3 


s 


8-fluoroadenine 


diphosphate 


H 


H 


CH 3 


s 


2,8-difluoro- 
adenine 


diphosphate 


H 


H 


CH 3 




adenine 


tnphosphate 


H 


H 


CH 3 


0 


2-(N,N-diacetyl)- 
guanine 


tnphosphate 


H 


H 


CH 3 


0 


6-O-acetyl 
guanine 


triphosphate 


H 


H 


CH 3 


(J 


8-fluoroguanine 


triphosphate 


H 


H 


CH 3 


U 


guanine 


triphosphate 


H 


H 


CH 3 


O 


6-(N,N-diacetyl)- 
adenine 


triphosphate 


H 


H 


CH 3 


O 


2-fluoroadenine 


triphosphate 


H 


H 


CH 3 


V 


8-fluoroadenine 


triphosphate 


H 


H 


CH 3 


O 


2,8-difluoro- 
adenine 


triphosphate 


H 


H 


CH 3 


O 


2-(N,N-diacctyl)- 
guanine 


triphosphate 


H 


H 


CH 3 


s 


6-O-acetyl 
guanine 


triphosphate ' H 


H CH, 


S 1 8-fluoroguanine 



adenine 

.^^v^., * f 1 " " ' 1 1 " * CH. ! S ; 2-fluoroadcnine 



] 



R 


K 


R 3 | 


R 5 T 


X 


Base 


triphosphate 


i i 

H 


H ! CH, 


s 


8-fluoroadenine 


triphosphate 


H 


H I 


CH, 


s 


2,8-difluoro- 
ademne 1 


triphosphate 


H 


H 


CH 3 


s 


adenine 


monophosphate 


monophosphate 


monophosphate 


CF 3 




2-fN N-diacetvlV 
guanine 


monophosphate 


monophosphate 


monophosphate 


CF 3 


o 


6-O-acetyl 
guanine 


monophosphate 


monophosphate 


monophosphate 


CF 3 


o 


8-fluoroguanine 


monophosphate 


monophosphate 


monophosphate 


CF 3 


o 


cniamne 

L4.C41 llllv 


monophosphate 


monophosphate 


monophosphate 


CF 3 


o 


6-(N,N-diacetyl)- 
adenine 


monophosphate 


monophosphate 


monophosphate 


CF 3 


o 


2-fluoroadenine 


monophosphate 


monophosphate 


monophosphate 


CF 3 


o 


8-fluoroadenine 


monophosphate 


monophosphate 


monophosphate 


CF 3 


o 


2,8-difluoro- 
ndpmne 

txv_x \^ 1 111 


monophosphate 


monophosphate 


monophosphate 


CF 3 


o 


adenine 


monophosphate 


monophosphate 


monophosphate 


CF 3 


s 


N-diacetvlV 
guanine 


monophosphate 


monophosphate 


monophosphate 


CF 3 


s 


6-O-acetyl 
guanine 


monophosphate 


monophosphate 


monophosphate 


CF 3 


s 


8-fluoroguanine 


monophosphate 


1 monophosphate 


monophosphate 


CF 3 


s 


guanine 


monophosphate 


monophosphate 


monophosphate 


CF 3 


s 


6-(N,N-diacetyl)- 
adenine 


monophosphate 


monophosphate 


monophosphate 


CF 3 


c 
^> 


z- 1 luoroaut/iiii ic 


monophosphate 

i - 


monophosphate 


monophosphate 


CF 3 


s 


8-fluoroadenine 




J ; i 

monophosphate 


monophosphate 


CF-, 


c 


z,o-ui i luoro- 


y - p ' v. ■ - 
acetyl 


acetyl 


acetyl 


' CI'-. 


o 


guanine 


:ieeivl 


aceivl 


acct vl 


CF, 


: ~sT 


i guanine 



R 1 


R : j R J 


R 6 


X 


Base 


acetyl 

I 


acetyl 


acetyl 


2-bromo- 
vinyl 


o 


guanine 


acetyl 


acetyl 


acetyl 


2-bromo- 
vinyl 


s 


guanine 



Alternatively, the following nucleosides of Formula XIV are prepared, using the 
appropriate sugar and pyrimidine or purine bases. 




OR 2 

(XIV) 

wherein: 



R 1 


R 2 


R 6 


X 


Base 


H 


H 


CH 3 


o 


2,4-O-Diacetyluracil 


H 


H 


CH 3 


o 


Hypoxanthine 


H 


H 


CH 3 


o 


2,4-O-Diacetylthymine 


H 


H 


CH 3 


o 


Thymine 


H 


H 


CH 3 


o 


Cytosine 


H 


H 


CH 3 


o 


4-(N-mono-acetyl)cytosine 


H 


H 


CH, 


o 


4-(N,N-diacetyl)cytosine 


! H 


H 


CHj 


o 


Uracil 


H 


H 


CH 3 


o 


5-Fluorouracil 


H 


H 


CH 3 


s 


2,4-O-Diacetyluracil 


H 

' 


H 


CH 3 


s 


Hypoxanthine 


1 1 


H 


CYU 


; s 


2.4-O-Diacetylthymine 


1 1 


' H 


' CH -. 


' s 


4-(N-mono-acetyl)cytosin 


!l 


H 


(H 


' s 


4-(N.N-diacctyl)c\losinc 



K 


L> - 
IX 


R 6 ! 


x 


Base 


T T 

H 


1 1 




s 


Uracil 


H 


TJ 
11 


V_ 1 1 3 


s 


5-Fluorouracil 


monophosphate 


n 


CH- 

1 1 


0 


2,4-O-Diacetyluracil 


monophosphate 


u 
11 




0 


Hypoxanthine 


monophosphate 


n 


CH; 


0 


2,4-O-Diacetylthym 


monophosphate 


u 
1 1 


CH 3 


0 


Thymine 


monophosphate 


O 


CH^ 

v_. i 13 


0 


Cytosine 


monophosphate 


1 J 
1 1 


v 1 13 


0 


4-(N-mono-acetyl)cytosine 


monophosphate 


IT 

n 


v_ 1 13 


0 


4-(N,N-diacetyl)cytos 


monophosphate 


u 
n 


v_ 1 13 


0 


Uracil 


monophosphate 


1 1 


v 1 13 


0 


5-Fluorouracil 


monophosphate 


u 
1 1 


v. 1 1 3 


s 


2,4-O-Diacetyluracil 


monophosphate 


i j 
11 


^113 


s 


Hypoxanthine 


monophosphate 


ii 
it 




s 


2,4-O-Diacetylthym 


monophosphate 


IT 

n 


v_ n 3 


s 


Thvmine 

1 11 Y 111111 W 


monophosphate 


ij 
1 1 


v.- 1 1 3 


s 


Cytosine 


monophosphate 


n 


V_ -I 13 


s 


4-(N-mono-acetyl)cytosine 


monophosphate 


IT 
11 




s 


4-(N,N-diacetyl)cytosine 


monophosphate 


I_J 

n 


v_ 1 13 


s 


Uracil 


monophosphate 


it 
ii 


v_ 113 


s 


5-Fluorouracil 


diphosphate 


ii 

n 




0 


2,4-O-Diacetyluracil 


diphosphate 


1 1 


CH^ 

v 113 


0 


Hvpoxanthine 


i 

| diphosphate 


i l 


CFh 


\ 0 

1 


j 2,4-O-Diacetylthymine 


diphosphate 


u 
i i 




0 


Thymine 


diphosphate 


H 


CH 3 


0 


Cytosine 


diphosphate 


H 


CH 3 


0 


4-(N-mono-acetyl)cytosine 


i — 

! diphosphate 


H 


Clh 


0 


4-(N,N-diacetyl)cytosine 




T T 


' Hi- 


( ) 


I Taci 1 


diphospnaiL- 

diphosphate 


' li 




* s 


Hypoxanthine 




K ! 


R 2 

IX 


R 6 

IX 


x 


Base 


diphosphate 


ij 
1 1 


CFF 

v.. 1 1 ^ 


s 


2,4-O-Diacetylthymine 


diphosphate 


14 
11 


Chh 


s 


Thymine 


diphosphate 


n 


v 1 13 


s 


Cvtosine 


triphosphate 


n 

O 




0 


2, 4-O-Diacetyl uracil 


triphosphate 


rl 


v 1 i 3 


0 


H vpox an thine 


triphosphate 


14 
n 


PH, 


0 


2,4-O-Diacetylthymine 


triphosphate 


0 
11 


pu, 


0 


Thymine 


triphosphate 


n 
M 


PH, 
v. 1 13 


0 


Cvtosine 


triphosphate 


n 

n 


PHt 


0 


4-(N-mono-acetyl)cytosine 


triphosphate 


IT 

rl 


V. I 1 3 


0 


4-flM N-diacetvDcvtosine 


triphosphate 


u 

0 


M3 


n 


Uracil 


triphosphate 


11 
M 


pu, 
l 113 




S-Fluorouracil 


triphosphate 


TJ 

rl 


pu, 


s 


2,4-O-Diacetyluracil 


triphosphate 


IT 

rl 


pu, 


s 


Hypoxanthine 


triphosphate 


IT 

rl 


PHt 


s 


2,4-O-Diacetylthymine 


triphosphate 


TJ 

rl 


pu, 
v_ n 3 


s 


Thvmine 


triphosphate 


IT 

rl 


pu, 
^_ n 3 




vto^in e 


monophosphate 


monopnospnaie 


pr, 

3 


0 


2, 4-O-Diacetyl uracil 


monophosphate 


monopnospnaie 


PF^ 




Hypoxanthine 


monophosphate 


monopnospnaie 


PF, 


0 


2,4-O-Diacetylthymine 


monophosphate 


monopnospnaie 




0 


Thvmine 


monophosphate 


monopnospnaie 


PF, 
v_ r 3 


0 


Cvtosine 

4 . : 


: monophosphate 


monopnospnaie 


PF, 
1 3 


1 O 


4-(N-mono-acetyl)cytosine 


monophosphate 


t~mnnonhosnhatc 

1 monopi lospiidie 


C F- 

v f 3 


O 


4-(N,N-di acetyl )cytosine 


monophosphate 


monophosphate 


CF 3 


O 


Uracil 


monophosphate 


monophosphate 


CF3 


u 


D-r luorouracii 


monophosphate 


monophosphate 


CF 3 


s 


2,4-O-Diacetyluracil 








s 


Hvp^anthinc 


: ] H HH ipilO.splKUL 

monophosphate 


. ; ; ^ i i v ■ p ; 1 ^ • \ ■ ; i ,1 : . 
monophosphate 




' s 


Cvtosine 



K 


R 2 R° 


X 


Base 


monophosphate 


monophosphate 




s 


4-(N-mono-acetyl)cytosine 


monophosphate 


monophosphate 




s 


4-(N,N-diacetyl)cytosine 


monopnospnait; 


monophosphate 


CF 3 


s 


Uracil 


monophosphate 


monophosphate 


CF3 


s 


5-Fluorouracil 


acetyl 


acetyl 


CF 3 


0 


4-(N,N-diacetyl)cytosine 


acetyl 


acetyl 


v^r 3 


s 


4-(N,N-diacetyl)cytosine 


Qppt \/1 


acetyl 


2-bromo- 
vinyl 


0 


4-(N,N-diacetyl (cytosine 


acetyl 

1 


acetyl 

- 


2-bromo- 
vinyl 


s 


4-(N,N-diacetyl)cytosine 



Alternatively, the following nucleosides of Formula XV are prepared, using the 
appropriate sugar and pyrimidine or purine bases. 

R '°\^ Base 
R 6 

(XV) 

wherein: 



R 1 


R 6 


X 


Base 


H 


CH 3 


0 


2,4-O-Diacetyluracil 


, H 


CH 3 


0 


Hypoxanthine 


H 


CH 3 


0 


2,4-O-Diacetylthymine 


H 


CH 3 


0 


Thymine 


H 


CH 3 


0 


Cytosine 


H 


CH 3 


0 


4-(N-mono-acetyl)cytosine 


H 


111; 


0 


>-hluoi'0uracii 


H 


Cur 


s 


2.4-O-Diacetyluracil 






K 


V 




H 


/ ^ l I 

LH3 


c 


W vtt n y a n t h 1 n p 


H 


ii 1 

LH3 | 


c 


*? d-O-Oiaret vlthvmine 


H 




c 


Tli \nn inp 

1 ny 11 1111c 


H 




c 


v^-y lupine 


H 


( ^ IT 


c 


A-( M-monn-acet vHc vtosine 


H 


/- ^ IT 

L H3 


c 


4-(~N N-diaretvl^cvtosine 


H 


t_J 


c 
0 


T Tt*cir* 1 1 
vj 1 dC 1 1 


H 


CH3 


c 


J~r 1UU1VJU.1 dCl 1 


monophosphate 


CH 3 


r\ 


^ , *-f ~ U ~ LJ lattl y 1UI aci 1 


monophosphate 


/^T T 


r\ 
w 


n vpoAdi 1 Lin 11c 


monophosphate 


/^T 1 


r\ 
vj 


J. O-T^i arpfvlth vminp 


monophosphate 


T 


w 


1 IiyilllllC 


monophosphate 


CH3 


\J 


v_ y lUoiiic 


monophosphate 


CH 3 


r\ 
KJ 


i ~t~\ IN -iiivjinj ciL/W ty L j\*> y luoiiiv 


monophosphate 


CH 3 


U 


1 / "\T Hi or* p»t \ /I ^ c \/1 ncinp 
IN ? 1N -LllaCCLy i jcy HJSIHC 


monophosphate 


/~l I T 

CH 3 




Uracil 


monophosphate 


/~*T T 

CH 3 


r\ 
KJ 


J-r 1UVJI \J III dCll 


monophosphate 


pTJ 


c 


~) J.-0-P)i aretvlnran 1 


monophosphate 




c 
0 


T-TvnptY pnthinp 

I 1 V UUAdl 1 L 1 1 1 1 1 \^ 


monophosphate 


CH3 


c 


9 J. O-T^i nrptvlth vminp 


monophosphate 


/" - T T 

CH 3 


c 


1 IiyilllllC 


monophosphate 


/ 1 T 


c 


V_ VlUSlllC 


monophosphate 


L H 3 


c 


A ^N-mnnn-appt vHcx'tOSine 


monophosphate 


/ " IT 

L H 3 


c 


TsJ-di arptvHc vtosine 


monophosphate 


CH 3 


s 


Uracil 


monophosphate 


CH 3 


s 


5-Fluorouracil 


diphosphate 


CH 3 


0 


2,4-O-Diacetyluracil 




r[ ! 


' n 


T Tvnovanthinc 


diphosphate 
diphosphate 


^ i i 


' O 


Cytosine 




^ 1 
R 


R 6 1 X 


Base 


diphosphate 


CH 3 


o 


4-t i\ -mono- tie eiy i jL)iuMiit 


diphosphate 


CH 3 


o 


4-{ IN , In -Uldtci) i jt yiuaiiiL 


diphosphate 


CH 3 


o 


Uracil 


diphosphate 


CH 3 


o 


j-r luorourdcii 


diphosphate 


CH 3 


s 


^,4-LJ-LJidceiyiurdci i 


diphosphate 


CH 3 


s 


o vpoxaninme 


diphosphate 


CH 3 


s 


^ , 4-w-i>' l ac e i y i li l y u 1 1 1 ic 


diphosphate 


CH 3 


s 


7 hymine 


diphosphate 


CH 3 


s 


Cytosme 


triphosphate 


CH 3 


o 


j^-u-uiaceiyiurdcn 


triphosphate 


CH 3 


o 


Hypox an thine 


triphosphate 


CH 3 


o 


j,4-U-JJiacetyitnymine 


triphosphate 


CH 3 


o 


Thymine 


triphosphate 


CH 3 


o 


Cytosme 


triphosphate 


CH 3 


o 


4-( fs-rnono-dceiyijcyLOMiic 


triphosphate 


CH 3 


o 


4-( iN,JN-aiaceiyi jcyiosme 


triphosphate 


CH 3 


o 


Uracil 


triphosphate 


CH 3 


o 


5-Fluorouracil 


triphosphate 


CH 3 


s 


z^-u-uiaceiyi uracil 


triphosphate 


CH 3 


s 


ri vpoxaninme 


triphosphate 


CH 3 


s 


^,4-^-i^idceiyiui} mine 


i triphosphate 


CH 3 


s 


Thymine 


triphosphate 


CH 3 


s 


L vtosme 


monophosphate 


! CP; 


o 


z,*4-^J-uiacei\ luracii 


monophosphate 


CF 3 


o 


Hypoxanthine 


monophosphate 


CF 3 


o 


2,4-O-Diacetylthymine 


monophosphate 


CF; 


o 


Thymine 


. . .,,1. , .0. t 


ri" 


! o 


Tviosine 


inonopiH^pnaic 


v i . 






monophosphate 




() 


* Uracil 



R 


K 


V 


Rocp 


monophosphate 


r - 1 ; 


n 


^ _ P" 1 i i c\ vc\ iirsri 1 

J>~1 l UVJl VJU.I CLK, 1 1 


monophosphate 


( ^ i; 

L r 3 


c 




monophosphate 




c 


1 KnnYfinthinP 

1 1 V A dl 1 LI 11 1 1C 


monophosphate 






° 4-O-Diaretvlthvmine 


monophosphate 


L r 3 




TVi vm inp 
i 1 1 y 1 1 in iv 


monophosphate 




Q 


v. y Lvjoiii v 


monophosphate 




c 


J.-/ TsJ-rnono-acet vl^cvtosme 


monophosphate 




c 
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s 


4-( N,N-di acetyl )cytosine 


acetyl 


2-bromo-vinyl 


o 


4-(N,N-diacetyl)cytosine 


acetyl 


2-bromo-vinyl 


s 


4-(N,N-diacetyl)cytosine 



Alternatively, the following nucleosides of Formula XVIII are prepared, using the 
appropriate sugar and pyrimidine or purine bases. 



x. 



Base 
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(XVIII) 



wherein: 
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VII. Anti-Flavivirus or Pestivirus Activity 

Compounds can exhibit anti-flavivirus or pestivirus activity by inhibiting flavivirus or 
pestivirus polymerase, by inhibiting other enzymes needed in the replication cycle, or by 
other pathways. 

EXAMPLES 

TN- t t ^t romnmmds were dissolved in DM SO at an initial concentration of 200 pM 



Taurus (BT) { ATC'C CRL 13W>) cells were grown at 37 C in a humidified CO : (5%) 

... . , v . .. — ., . > I, ... ... . 1 1 1 ;- : | \ 1 V ; i i ! 1 1 i ■ i ' m i e< 1 of hi \ 1 I - <d u t am i nc. 



is: 
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10% fetal bovine serum (FBS, Gibco) and Earle's BSS adjusted to contain 1.5 g L sodium 
bicarbonate and 0.1 mM non-essential amino acids. BT cells were passaged in Dulbecco's 
modified Eagle's medium with 4 mM L-glutamine and 10% horse serum (HS, Gibco), 
adjusted to contain 1.5 g/L sodium bicarbonate, 4.5 g'L glucose and 1.0 mM sodium 
pyruvate. The vaccine strain 17D (YFV-17D) (Stamaril®, Pasteur Mericux) and Bovine Viral 
Diarrhea virus (BVDV) (ATCC VR-534) were used to infect BHK and BT cells, 
respectively, in 75 cm 2 bottles. After a 3 day incubation period at 37°C, extensive cytopathic 
effect was observed. Cultures were freeze-thawed three times, cell debris were removed by 
centrifugation and the supernatant was aliquoted and stored at -70°C. YFV-17D and BVDV 
were titrated in BHK-21 and BT cells, respectively, that were grown to confluency in 24-well 
plates. 



Example 4: Phosphorylation Assay of Nucleoside to Acti ve Triphosphate 

To determine the cellular metabolism of the compounds, HepG2 cells were obtained 
from the American Type Culture Collection (Rockville, MD), and were grown in 225 cm 2 

15 tissue culture flasks in minimal essential medium supplemented with non-essential amino 

acids, 1% penicillin-streptomycin. The medium was renewed every three days, and the cells 
were subcultured once a week. After detachment of the adherent monolayer with a 10 minute 
exposure to 30 mL of trypsin-EDTA and three consecutive washes with medium, confluent 
HepG2 cells were seeded at a density of 2.5 x 10 6 cells per well in a 6-well plate and exposed 

20 to 10 uM of [ 3 H] labeled active compound (500 dpm/pmol) for the specified time periods. 

The cells were maintained at 37°C under a 5% CO : atmosphere. At the selected time points, 
the cells were washed three times with ice-cold phosphate-buffered saline (PBS). 
Intracellular active compound and its respective metabolites were extracted by incubating the 
cell pellet overnight at -20°C w ith 60% methanol followed by extraction with an additional 

25 20 (iL of cold methanol for one hour in an ice bath. The extracts were then combined, dried 

under gentle filtered air flow and stored at 20°C until HPLC analysis. The preliminary 
results of the HPLC analysis are tabulated in Table 1. 





• 


Table 1 


• 




Time (h) 


p-D-2'-CH3- 
riboA-TP 


[pmol/mil 

p-D-2'-CH ? - 
riboU-TP 


lion cells] 

p-D-2'-CH3- 
riboC-TP 


P-D-2'-CH 3 - 
riboG-TP 


2 


33.1 


0.40 


2.24 


ND 


4 


67.7 


1.21 


3.99 


ND 


Q 
o 


147 


1.57 


9.76 


2.85 


24 


427 


6.39 


34.9 


0.91 


30 


456 


7.18 


36.2 


3.22 


48 


288 


9.42 


56.4 


6.26 



Example 5: Bioavailability Assay in Cvnomolgus Monkeys 

Within 1 week prior to the study initiation, the cynomolgus monkey was surgically 
5 implanted with a chronic venous catheter and subcutaneous venous access port (VAP) to 

facilitate blood collection and underwent a physical examination including hematology and 
serum chemistry evaluations and the body weight was recorded. Each monkey (six total), 
received approximately 250 uCi of 3 H activity w ith each dose of active compound, namely 0- 
D-2'-CH 3 -riboG at a dose level of 10 mg/kg at a dose concentration of 5 mg/mL, either via an 
10 intravenous bolus (3 monkeys, IV), or via oral gavage (3 monkeys, PO). Each dosing syringe 

was weighed before dosing to gravimetrically determine the quantity of formulation 
administered. Urine samples were collected via pan catch at the designated intervals 
(approximately 18-0 hours pre-dose, 0-4, 4-8 and 8-12 hours post-dosage) and processed. 
Blood samples were collected as well (pre-dose, 0.25, 0.5, 1, 2, 3, 6, 8, 12 and 24 hours post- 
15 dosage) via the chronic venous catheter and VAP or from a peripheral vessel if the chronic 
venous catheter procedure should not be possible. The blood and urine samples were 
analyzed for the maximum concentration (C ma x)« time when the maximum concentration was 
achieved (T max ), area under the curve (AUC), half life of the dosage concentration (T Vi ), 
clearance (CL), steady state volume and distribution (V ss ) and bioavailability (F), which are 
20 tabulated in Tables 2 and 3, and graphically illustrated in Figures 2 and 3, respectively. 



Table 2: Oral Bioavailability in Monkeys 





Dose 
(mg) 


AUC 
(ng/mL x h) 


Norm AUC 
(ng/mL x h/mg) 


Mean Norm AUC 
(ng/mL x h/mg) 


F (%) 


IV Monkey 1 


46.44 


13614 


293.2 






IV Monkey 2 


24.53 


6581 


268.3 






IV Monkey 3 


20.72 


6079 


293.4 


284.9 




PO Monkey 1 


29.04 


758 


26.1 






PO Monkey 2 


30.93 


898 


29.0 






PO Monkey 3 


30.04 


1842 


61.3 


38.8 


13.6 



Table 3: Experimental Pharmacokinetics of P-D-2'-CH 3 -riboG in Cynomolgus Monkeys 



IV 



PO 



Dos e/Route (mg/kg) 

C m ax (ng/mL) 

T m ax (hr) 



AUC (ng/mL x hr) 



T Vl (hr) 



CL ( L/hr/kg) 
V ss ( L/kg) 
F (%) 



10 



6945.6 ± ISSb.U 



0.25 ± 0.00 



8758.0 ±4212.9 



7.9 ± 5.4 



1.28 ±0.48 



2.09 ±0.54 



10 



z i / . / 



2.00 ± 1.00 



1 166.0 ± 589.6 



10.3 ±4.1 



13.8 



Example 6: Bone Marrow Toxicity Assay 

Human bone marrow cells were collected from normal healthy volunteers and the 
mononuclear population was separated by Ficoll-Hypaque gradient centrifugation as 
described previously by Sommadossi J-P, Carlisle R. "Toxicity of 3'-azido-3'- 
dcoxythymidine and 9-( 1 ,3-dihydroxy-2-propox\methyl)guanine for normal human 
hematopoietic progenitor cells //; vitro" Antimicrobial Agents and Chemotherapy 1987; 
31:452-454; and Sommadossi J-P, Schinazi RF, Chu CK, Xie M-Y. "Comparison of 
cytotoxicity of the (-)- and (+)-enantiomer of 2\3'-dideoxy-3'-thiacytidine in normal human 
bone marrow progenitor cells" Biochemical Pharmacology 1992; 44:1921-1925. The culture 
assays for CFU-GM and BFU-E were performed using a bilaycr soft agar or methylcellulose 

■ • i •: it...-., ., n ,t filtered After 14 to 18 davs at 
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mhibilion of colony formation in the presence of drug compared to solvent control cultures. 



Table 4: Human Bone Marrow Toxicity CFU-GM and BFU-E Clonogenic Assays 



Treatment 


lCs 0 in (.iM 
CFU-GM ! BFU-E 


ribavirin 


- 5 


- 1 


P-D-2'-CH 3 -riboA 


> 100 


> 100 


3-D-2'-CH?-riboU 


> 100 


> 100 


P-D-2'-CH ? -riboC 


> 10 


> 10 


p-D-2'-CH 3 -riboG 


> 10 


> 100 
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Example 7: Mitochondria Toxicity Assay 

HepG2 cells were cultured in 12-well plates as described above and exposed to 
various concentrations of drugs as taught by Pan-Zhou X-R, Cui L, Zhou X-J, Sommadossi J- 
P, Darley-Usmer VM. "Differential effects of antiretroviral nucleoside analogs on 
mitochondrial function in HepG2 cells" Antimicrob Agents Chemother 2000; 44:496-503. 
Lactic acid levels in the culture medium after 4 day drug exposure was measured using a 
Boehnnger lactic acid assay kit. Lactic acid levels were normalized by cell number as 
measured by hemocytometer count. The preliminary results from this assay are tabulated in 
Table 5. 

Table 5: Mitochondrial Toxicity Study (L-lactic acid assay) 





Cone. (iiM) 


lactate (mg/10 6 cell) 


% of Control 


Control 




2.18 




FIAU 


10 


3.73 


170.4 


P-D-2'-CH ? -riboC 


1 


2.52 


115.3 




10 


2.36 


107.9 




50 


2.26 


103.4 




100 


2.21 


101.2 



o 



NH-. 




Nil 



O 



HO 



HO 




i so 




Example 8: Cytotoxicity Assav 

Cells were seeded at a rate of between 5 x 10 3 and 5 x 10 4 /w ell into 96-well plates in 
growth medium overnight at 37 C C in a humidified CO; (5%) atmosphere. New growth 
medium containing serial dilutions of the drugs was then added. After incubation for 4 days, 
cultures were fixed in 50% TCA and stained with sulforhodamineB. The optical density was 
read at 550 ran. The cytotoxic concentration was expressed as the concentration required to 
reduce the cell number by 50% (CC 5 o). The data is tabulated in Table 6. 

Table 6: MDBK versus Human Hepatoma 



Compound 




CC 50 , MM 


HepG2 




MDBK 


Huh7 


p-U-jL -tni-liuun 


20 


40 


50-60 


3-D-2'-CH 3 -riboU 


>250 


> 250 


> 250 


P-D-2'-CH 3 -riboC 


100 


>250 


150 


p-D-2'-CH 3 -riboG 


100 


> 250 


>250 


Ribavirin 


5 


25 


150 



10 Example 9: Cell Protection Assav (CPA) 

The assay was performed essentially as described by Baginski, S. G.; Pevear, D. C; 
Seipel, M.; Sun, S. C. C; Benetatos, C. A.; Chunduru, S. K.; Rice, C. M. and M. S. Collett 
"Mechanism of action of a pestivirus antiviral compound" PNAS USA 2000, 97(14), 7981- 
7986. MDBK cells (ATCC) were seeded onto 96-well culture plates (4,000 cells per well) 24 

15 hours before use. After infection with BVDV (strain NADL, ATCC) at a multiplicity of 

infection (MOI) of 0.02 plaque forming units (PFU) per cell, serial dilutions of test 
compounds were added to both infected and uninfected cells in a final concentration of 0.5% 
DMSO in growth medium. Each dilution was tested in quadruplicate. Cell densities and 
virus inocula were adjusted to ensure continuous cell growth throughout the experiment and 

20 to achieve more than 90% virus-induced cell destruction in the untreated controls after four 

days post-infection. After four days, plates were fixed with 50% TCA and stained with 

that achieved 50% reduction of cyiopathic effect of the uius, 1 he results are tabulated in 
25 Table 7. Figures 4 and 5 provide a graphical illustration of the methodology used to arrive 

1 s" 



at the 50% effective concentration (EC*.) values for p-D-2'-CH 3 -riboG and ribavirin. Figure 
6 compares the results of the CPA for p-D-2'-CH 3 -riboG, p-D-2'-CH 3 -riboC, p-D-2'-CH 3 - 
riboU, (5-D-2'-CH 3 -riboA and ribavirin 



Table 7: Cell Protection Assay 





EC?,,, uM 


CCso, M-M 


P-D-2'-CH 3 -riboA 


2 


20 


p-D-2'-CH 3 -riboU 


20 


> 250 


p-D-2'-CH 3 -riboC 


2 


100 


P-D-2'-CH 3 -riboG 


4 


100 


Ribavirin 


> 3 


5 



5 



Example 10: Plaque Reduction Assay 

For each compound the effective concentration was determined in duplicate 24-well 
plates by plaque reduction assays. Cell monolayers were infected with 100 PFU/well of 
virus. Then, serial dilutions of test compounds in MEM supplemented with 2% inactivated 

10 serum and 0.75% of methyl cellulose were added to the monolayers. Cultures were further 

incubated at 37°C for 3 days, then fixed with 50% ethanol and 0.8% Crystal Violet, washed 
and air-dried. Then plaques were counted to determine the concentration to obtain 90% virus 
suppression and tabulated in Table 8. Figure 7 is a graphical illustration of the results from 
the Plaque Reduction Assay. Figure 8 is an image of BVDV plaque formation in the 

15 presence of increasing concentrations of P-D-2'-CH 3 -riboU. 

Table 8: Viral Suppression via Plaque Reduction Assay 





EC,,,,, nM 


P-D-2 1 


-CH 3 -riboA 


< 3 




p-D-2 


-CH,-riboU 


< 81 


P-D-2 


-CH 3 -riboC 


<9 


P-D-2 


-CH 3 -riboG 


<9 



For each compound the concentration to obtain a o-log reduction in viral load was 
, :., ,,i i.-.^i, - :m ..w v ]l pi;it e < hv \io1d reduction assavs. The assay was performed 

1 SS 




as described by Bagmski, S. G.; Pevear, D. C; Seipel, M.; Sun. S. C. C; Benetatos, C. A.; 
Chunduru, S. K.; Rice, C. M. and M. S. Collett "Mechanism of action of a pestivirus antiviral 
compound'" PXAS USA 2000, 97(14), 7981-7986. with minor modifications. Briefly, MDBK 
cells were seeded onto 24-well plates (2 x 105 cells per well) 24 hours before infection with 
BVDV (NADL strain) at a multiplicity of infection (MOI) of 0.1 PFU per cell. Serial 
dilutions of test compounds were added to cells in a final concentration of 0.5% DMSO in 
growth medium. Each dilution was tested in triplicate. After three days, cell cultures (cell 
monolayers and supernatants) were lysed by three freeze-thaw cycles, and virus yield was 
quantified by plaque assay. Brieny, MDBK cells were seeded onto 6-well plates (5 x 105 
cells per well) 24 h before use. Cells were inoculated with 0.2 mL of test lysates for 1 hour, 
washed and overlaid with 0.5% agarose in growth medium. After 3 days, cell monolayers 
were fixed with 3.5% formaldehyde and stained with 1% crystal violet (w/v in 50% ethane!) 
to visualize plaques. The plaques were counted to determine the concentration to obtain a 6- 
log reduction in viral load as tabulated in Table 9. Figure 9 is a graphical illustration of the 
15 results from the Yield Reduction Assay. Figure 8 is an image of BVDV yield reduction in 

the presence of increasing concentrations of p-D-2'-CH 3 -riboC. 
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Table 9: Concentration to Obtain 6-log Reduction 





Cone, for 6-log Reduction (uM) 


P-D-Z'-CHi-riboU 


120 


p-D^'-CH^-riboG 


20 


P-D^'-CH^-riboC 


20 


p-D-2'-CH 3 -riboA 


9 



20 Example 12: Comparative Cytotoxicity 

Table 10 summarizes the cytoxicity of two compounds of this invention, p-D-l'-CH 3 - 
riboA and p-D^-CHrriboA. m comparison to RBV ("ribavirin"), in various cell systems. 



1 v> 



Table 10: Comparative Cytotoxicity* (CC 5 o) 





BD 


BHK 


VERO 


MT-4 


p-D-r-CH 3 -riboA 


>100 


200 


>100 


18 


p-D-2'-CH 3 -riboA 


75 


22 


22 


6.6 


RBV 


ND 


50 


11 


ND 



* Compound concentration (uM) required to reduce the viability of cells by 50%. 



10 



15 



The chemical structures for p-D-r-CH 3 -riboA and p-D-2'-CH 3 -riboA are as follows: 

NH 2 

* n yS 



NH, 



HO, 



1 [ CH 3 

OH OH 

p-D-r-CH 3 -riboA 




OH OH 

P-D-2'-CH 3 -riboA 



Table 11 summarizes the antiviral activity of p-D-1 '-CH 3 -riboA and p-D-2'-CH 3 - 
riboA against several viruses within the flavivirus and pestivirus genuses. 

Table 1 1 : Comparative Antiviral Activity* (EC 50 ) 





BVDV 


YFV 


PICO 


VSV 


HIV-1 


P-D-l'-CH3-riboA 


10 


7.0 


51 


>100 


>18 


(3-D-2'-CH3-riboA 


0.1 


0.2 


5.0 


>100 


>6.6 


RBV 


ND 


30 


>30 


ND 


ND 



* Compound concentration (uM) required to reduce the plaque number by 50%. The 
following virus-cell system were used: BVDC-BT, YFV-BHK, PICO (Cosxackie Bl and 
Polio Sabin)/VSV Vero. 

Table 12 summarizes the antiviral activity and toxicity of p-D-2'-methyl-riboG, P-D- 

n-tM.-l rihnC .ind B -D-? ' -m cthv! -rihoI\ aeainst a couple of viruses within the flavivirus 



Table 12: Comparative Antiviral Activity* (EC 50 ) 





BVDV 
EC,,,* 1 CC ? ,,** 


Yf 

EC 5 „* 


-V 

CC 50 ** 


[5-D-2 7 -CHi-riboG 


2 


>100 


1.2 


20 


3-D-2'-CHi-riboC 


3.7 


>100 


70 


>100 


p-D-2'-CH 3 -riboU 

* Compound concentration 


20 

(uM) required 


>100 
to reduce the 


33 

plaque number 


>100 
by 50%. The 



following virus-cell system were used: BVDC-BT and YFV-BHK. 
* Compound concentration (|iM) required to reduce the viability of cells by 50%. 
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The chemical structures for p-D-2'-CH 3 -nboG, p-D-2'-CH 3 -riboC and p-D-2'-CH 3 - 
riboU are as follows: 



O 



HO 



H 3 C 
OH OH 




HO \ H 3 C 
-O 




HO 



O 



^NH 
>Ao 




H 3 C 
^O 

OH OH 



OH OH 

P-D-2'-CH 3 -riboG p-D-2'-CH 3 -nboC p-D-2'-CH 3 -riboU 

Table 13 summarizes the anti-viral activity of several compounds of this invention 
against BVDV in three different assays. 

Table 13: for BVDV 





Cell 


Plaque 


Yield Reduction 


Cytotoxicity 


Compound 


Protection 
(EC 5 o. f.iM) 


Reduction 
(EC*,. nM) 


EG*,, uM 


6 logio 
reduction (uM) 


Huh7 cells 
(EC50, UM) 


p-D-2'-CH 3 -riboA 


2 


<3 


< 2 


9 


50 


(J-D-2'-CH 3 -riboT 


> 250 


ND 


ND 


ND 


>250 


3-D-2'-CH 3 -riboU 


20 


< 81 


24 


120 


>250 


(VD-2'-CH 3 -riboC 


2 


< 9 


< 4 


20 


>250 


P-D-2'-CH 3 -riboG 


4 


<9 


3 


20 


>250 






■vr> 


\n 


\n 


-> 250 



This invention lias been described with reference to its preferred embodiments. 
Variations and modifications of the invention, will be obvious to those skilled in the art from 
the foreuoing detailed description of the invention. 



